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PREFACE 


This  study  was  prepared  by  the  United  States  Air  Force  Environmental  Teciinical  Applications  Center,  Readiness 
Support  Section  (USAFETAC/ECR),  in  response  to  a  support  assistance  request  (SAR)  from  the  5th  Weather  Wing, 
Langley  AFB,  VA,  under  the  provisions  of  Air  Weather  Service  Regulation  105-18.  It  documenLs  work  done  under 
USAFETAC  project  807-11,  and  is  the  fourth  in  a  four-volume  series  that  discusses  the  climatology  of  the  area 
known  as  "S  WANEA"  (Southwest  Asia-Northeast  Africa).  Like  its  predecessors,  this  work  is  complemented  by  two 
other  SWANEA  studies.  One  describes  transmittance  climatology  in  the  3-5  and  8-12  micron  bands;  the  other, 
refractive  climatology.  Publication  of  these  complementary  studies  parallels  or  follows  the  parent  work. 

The  project  would  not  have  been  possible  without  the  dedicated  support  of  the  many  people  and  agencies  we  have 
listed  below  in  the  sincere  hope  we’ve  not  omitted  anyone. 

First,  our  deepest  gratitude  and  appreciation  to  Mr  Waller  S.  Burgmann,  Mr  Wayne  E.  McCulIom,  Mr  William 
Roller,  Mrs  Kay  Marshall,  and  Mrs  Susan  Keller  of  the  Air  Weather  Service  Technical  Library. 

To  Mr  Henry  ("Mac")  Fountain,  Mr  Vann  Gibbs,  Mr  Dudley  ("Lee")  Foster,  and  other  members  of  Operating 
Location  A  (OL-A),  USAF  Environmental  Technical  Applications  Center,  Asheville,  NC,  for  providing  data,  data 
summaries,  and  technical  support. 

Thanks  to  Maj  William  F.  Sjoberg,  Mr  Kenneth  R.  Walters  Sr,  and  Capt  Don  D.  Carter  of  USAFETAC’s 
Readiness  Support  Section  (ECR)  for  their  hard  work,  assistance,  and  encouragement 

Thanks  to  Mr  Robert  Fett  of  the  U.S.  Naval  Environmental  Prediction  Research  Facility  and  Lt  Cmdr  Rutsh 
(Naval  Liaison  to  Air  Force  Global  Weather  Central-AFOWC)  for  their  assistance  in  providing  supplemental  data 
for  this  project. 

Thanks  to  Mr  Maurice  Crew  of  the  United  Kingdom  Meteorological  Office  for  providing  copies  of  studies 
unavailable  elsewhere. 

Thanks  to  Lt  Col  Frank  Globokar,  Lt  Col  John  Erick.son,  Maj  Daniel  Ridge,  Maj  Roger  Edson,  and  Capt  Patrick 
Condray,  for  their  cooperation  in  establishing  and  providing  "peer  review"  of  draft  manuscripts. 

Thanks  to  SSgt  Thomas  E.  Dunker  of  USAFETAC’s  Operational  Applications  Section  (ECO)  for  providing 
the  wind  roses  used  in  this  document. 

Finally,  all  the  authors  owe  sincere  gratitude  to  the  Technical  Publications  Editing  Section  of  the  AWS  Technical 
Library  (USAFETAC/LDE)-  Mr  George  M.  Horn  and  Sgt  Corinne  M.  Kawa.  Without  their  patience  and 
cooperation,  this  project  could  not  have  been  completed. 
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Chapter  1 


INTRODUCTION 


AR^,A  Oh  INlKRkSI.  Hiis  slU(ly--lho  tourlli  ol  lour  northern  Afriia.  llu' Northeast  Alrieu  |ior(ion  comprises 

volumes  that  cover  the  entire  "SWANEA"  (Southwest  l.ihya,  Egypt.  C  had,  Sudan,  and  a  .small  section  ol 

Asia-Northeast  Alrica)  region  shown  in  Figure  Ethiopia,  lire  study  region  has  been  further  divided  into 

I  l  -descritx's  the  geography,  climatology  and  live /ones  of  "climatic  commonality"  (the  Turkish  (’oasi, 

meteorology  of  the  Mediterranean  C  oast  and  Northeast  the  Eastern  Mediterranean  Coast,  the  North  African 

Africa.  The.  Mediterranean  Coast  comprises  the  coastal  Coast,  the  Eastern  .Sahara,  and  Southern  Chad/Sudan),  as 

regions  of  Turkey,  Syria,  Jordan,  Israel,  Lebanon,  and  shown  in  Figure  1-2,  next  page. 


Figure  l-l.  The  .SoulhwesI  Asia-Northeast  Africa  (.SWANEA)  Region.  The  shaded  areas  mark  the 
Northeast  Alriui/Mcditerranean  C'oast  study  region. 
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Figure  1-2.  The  Mediterranean  Coast  and  Northeast  Africa.  The  study  area  is  shown  subdivided  into  its  five 
"zones  of  climatic  commonality":  (1)  The  Turkish  Coast,  (2)  the  Eastern  Mediterranean  Coast,  (3)  The  North 
African  Coast,  (4)  The  Eastern  Sahara,  and  (S)  Southern  Chad/Sudan. 
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(iK()<iRAPHY.  The  Mc'lilcrranciin  Coast  comprises  all  3,280  feet  (1,(XX)  meters)  between  37”  and  41°  N  where 

of  Israel  and  Lebanon,  and  part  of  Jordan;  it  includes  the  strong  marine  characteristics  arc  present;  average  width 

coasts  of  northern  Africa  and  the  coastal  areas  (averaging  of  this  section  is  150  NM.  Northeast  Africa,  a  mostly 

about  20  NM  wide)  that  run  from  the  Tunisia-Libya  barren  and  arid  region,  includes  Libya,  Egypt,  Chad,  and 

border  to  northwestern  Turkey  near  40°  N,  29°  E,  Also  Sudan.  Figure  1-3  shows  the  topography  and  main 

included  are  inland  portions  of  western  Turkey  lielow  geographical  features  of  the  entire  study  area. 


Figure  1-3.  Topography  of  the  Mediterranean  Coast  and  Northea.st  Africa. 
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Moisture  uvailabilily  is  die  most  impuriani  climatic 
element  in  this  region.  The  extreme  aridity  in  most 
places  (notably  the  Sahara,  Negev,  Sinai,  and  Libyan 
Dc.scrts)  contrasts  with  the  Turkish  coast,  where  lakes, 
ponds,  and  permanent  rivers  abound. 

The  Egyptian  Nile  Delui  and  the  Jordan  Rift  Valley  in 
Israel  and  Jordan  are  unique  features.  The  Nile  Delta  is  a 
vast  alluvial  Hood  plain  (11,310  sq  NM)  with  extensive 
irrigation  canals.  The  Jordan  Rift  Valley  forms  the 
northern  end  of  the  Great  Rift  System  of  Africa.  The 
Jordan  River  cuts  a  valley  5-12  NM  wide  and  slopc,s 
soutliward  to  the  Dead  Sea,  which  is  1,292  feet  (396 
meters)  lie  low  mean  .sea  level. 

Several  mountain  ranges  parallel  the  Mediterranean 
Sea;  their  windward  slopes  are  the  wettest  places  in  the 
region.  The  Taurus  Mountains  (with  peaks  over  13,000 
rcet/3,963  me'ers)  back  the  Turkish  coastline.  The 
Lebanon  Ranges  (with  elevations  up  to  10,(XX)  feet/3,050 
meters)  MSL  extend  along  the  eastern  Mediterranean 
coast:  the  Akhdar  and  Nafu.sah  Mountains  in  Libya  lie 
along  the  soudiem  Mediterrar.can  coast. 

'Hie  Sahara  is  Northeast  Afr  c,:'.,  most  prominent 
geographical  'eauire,  comprising  70%  of  its  land  surface 
(alK)ut  4.7  million  .sq  NM).  Only  20%  of  the  Sahara, 
however,  is  true  sand  desert;  the  rest  is  rocky  stubble 
eroded  by  persistent  winds  and  infrequent  rainfall.  The 
Sahaia  includes  elevated  plains  between  6(X)  and  1,200 
feet  (183-366  meters)  MSL,  lowlands  (with  oases),  and 
depressions,  the  large.st  of  which  is  the  Qatlara 
Depression  in  northwestern  Egypt;  it  covers  about  7,200 
square  NM  and  is  436  feet  (133  meters)  below  sea  level. 
"Inselbergs"  are  isolated,  sscep-sided  hills  and  rocky 
outcrops  that  rise  above  the  desert  floor  at  scattered 
kKations  throughout  the  Sahara.  The  highest  of  these 
reaches  6,345  feet  (1,934  meters)  MSL,  but  many  are 
less  than  1(X)  feet  (33  ’aeters)  high. 

Several  prominent  mountain  ranges  in  Chad  and 
Sudan  (the  Tibesti  in  northern  Chad  and  the  Marrah  in 
southwestern  Sudan)  rise  above  10,(X)0  feet  (3,050 
meters)  MSL. 

SITIDY  CONTKNT.  Chapter  2  provides  a  detailed 
discussion  of  the  major  climatic  controls  that  affect  the 
Mciliicrrancan  Coast  and  Nonlic:ist  Africa.  These 
controls  range  from  the  macroscale  ("semipermanent 
climatic  cc.iuols"),  through  the  synoptic  ("synoptic 
disturbances"),  to  the  mesoscale.  The  individual 


treaunents  of  each  climatic  subregion  in  subsequent 
chapters  do  not  include  repeated  descriptions  of  these 
phenomena,  but  provide  specifics  unique  to  the 
individual  subregion  by  focusing  on  mean  di.stributions 
and  local  anomalies  of  sky  cover,  visibility,  winds, 
precipitation,  and  temperature.  Meteorologists  using  this 
study  should  read  and  consider  the  genera!  discussion  in 
Chapter  2  before  trying  to  understand  or  apply  the 
individual  climatic  zone  discussions  in  Chapters  3-7. 
This  is  particularly  important  because  the  study  v^as 
designed  first  as  a  master  reference  to  the  entire  region, 
and  second  as  a  modular  reference  to  its  subregions. 
Chapters  3-7  discuss  "situation  and  relief  and  "general 
weather"  for  each  of  the  five  subregions,  by  season. 

The  Turkish  Coast  (Chapter  3)  includes  those  portions 
of  western  and  southern  Turkey  where  elevations  reach 
the  top  of  the  marine  boundary  layer  (3,280  feet/1 ,000 
nielers  MSL).  The  Mediterranean  and  Aegean  Seas 
provide  moisture  for  frontal  systems  moving  through  this 
subregion.  The  storm  track  shifts  north  in  the  summer, 
allov\  ing  the  sea  bree.ze  to  dominate. 

The  Eastern  Mediterranean  Coast  (Cliaptcr  4)  extends 
from  Syria  south  to  the  Suez  Canal.  This  subregion’s 
precipitation  maximum  is  in  winter  due  to  cyclonic 
activity  that  develops  in  the  Mediterranean  Sea.  The  sea 
breeze  is  a  factor,  particularly  in  summer,  but  subsidence 
aloft  usually  caps  cloud  development  and  minimizes 
precipitation. 

The  North  African  Coast  (Chapter  5)  extends  from  the 
Suez  Canal  to  the  Libya-Tuni.sia  border.  Most 
precipitation  occurs  in  winter  because  of  cyclonic 
activity.  The  sea  breeze  can  advccl  some  moisture 
inland,  but  the  limited  rainfall  is  not  enough  to  change 
this  subregion’s  de.sert  environment. 

The  Eastern  Sahara  (Chapter  6)  includes  most  of  Libya 
and  Egypt,  as  well  as  those  portions  of  Chad  and  Sudan 
north  of  16°  N.  The  climate  is  dry  year-round.  Cyclonic 
activity  usually  only  results  in  a  wind  shift,  some 
cloudiness,  and  duststorms.  The  Mediterranean  Sea  is 
the  only  moisture  source.  The  Nile  River  is  in  the 
eastern  portion  of  the  subregion. 

Southern  ChadlSudan  (Chapter  7)  includes  those 
portions  of  Chad  and  Sudan  tliat  lie  south  of  16°  N.  This 
is  the  only  suhnsgion  that  has  "wet"  and  "dry"  seasons. 
The  summer  wet  season  is  produced  by  the  Monsoon 
Trough. 
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CLIMATOLOGICAL  RPXIIMES.  The  Mediterranean 
Coast  secs  mainly  mid-latitude  weather  witli  migratory 
high  pressure  cells,  cyclonic  activity,  and  polar  air 
surges.  Umd/sca  breezes  arc  tin  im|X)rlanl  lactor  close  to 
shorelines.  The  Uaditional  lour  seasons  (winter,  spring, 
summer,  fail)  arc  found  here. 

Northeast  Africa  is  dominated  by  large  deserts.  The 
Eastern  Sahara  subregion  is  in  the  subtropics;  climate  is 
primarily  affected  by  Mediteiranean  weather,  including 
migratory  high  pressure  cells,  cyclonic  activity,  and  polar 
air  surges.  There  is  seldom  enough  moisture,  however, 
to  produce  precipitation. 

South  of  16°  N,  Northeast  Africa  is  dominated  by 
seasonal  wind  reversals  that  produce  vet  and  dry 
seasons. 

The  climate  between  11°  and  16°  N  is  that  of  a 
semidesert  steppe;  the  weather  is  more  tropical  than 
Mediterranean.  Because  of  this,  phenomena  such  as  the 
Monsoon  Trough  and  squall  lines  will  be  stressed. 

CONVENTIONS.  The  spellings  of  cities  and 
geographical  features  are  those  used  by  the  United  States 
Defense  Mapping  And  Aerospace  Center  (DMAAC),  but 
expect  wide  variations  in  the  English  .spelling  of  many 
place  names  in  North  Africa.  Distances  arc  in  nautical 
miles  (NM),  except  for  visibilities  which  arc  given  in 
statute  miles.  Ceilings  and  cloud  bases  are  in  feet/mclers 
above  ground  level  (AGL)*,  but  cloud  tops  are  above 
mean  .sea  level  (MSL).  Elevations  are  in  feet  with  a 
meter  or  kilometer  (km)  equivalent  immediately 
following.  Temperatures  are  in  Fahrenheit  (F)  with  a 
Celsius  (C)  conversion  following.  Wind  speeds  arc  in 
knots  (kt).  Precipitation  amounts  are  in  inches  with  a 
millimeter  (mm)  conversion  following.  Most  synoptic 
chart  times  arc  given  in  Greenwich  Metin  Time  (GMT  or 
/,).  When  synoptic  charts  arc  not  provided,  only  local 
standard  time  (LST)  is  ii.scd. 


*NOTE;  The  AGL  cloud  bases  given  in  this  study  ate 
generalized  over  large  areas.  Readers  must  consider 
terrain  in  applying  those  generalized  values.  For 
example,  the  AGL  cloud  bases  of  the  Marrah  Mountains 
arc  generally  rcpre.scntutive  of  valley  rc|K)rting  stations, 
but  not  of  locations  in  surrounding  mountains,  whc.re 
ceilings  and  cloud  bases  would  be  lower,  and  where,  in 
fact,  many  locations  would  be  obscured. 

DATA  SOURCES.  Mo.st  of  the  information  used  in 
preparing  this  study  came  from  two  sources,  both  within 
the  United  States  Air  Force  Environmental  Technical 
Applications  Center  (USAFETAC).  Studies,  books, 
atla.scs,  and  so  on  were  supplied,  with  rare  exceptions,  by 
the  Air  Weather  Service  Technical  Library,  or  AWSTL, 
which  is  the  only  dedicated  aunospheric  .sciences  library 
in  the  Department  of  Defense  and  the  largest  such  library 
in  the  United  States.  Climatological  data  came  direct 
from  the  Air  Weather  Service  Climatic  Database  or 
through  Operating  Location  A,  USAFETAC-the  branch 
of  US.AFETAC  responsible  for  maintaining  and 
managing  this  database. 

RELATED  REFERENCES.  This  study,  while  more 
titan  ordinarily  comprehensive,  is  certainly  not  the  only 
source  of  meteorological  and  climatological  information 
for  the  military  meteorologist  concerned  with  the 
Mediterranean  Coast  and  Northeast  Africa. 
USAFETAC’s  Readiness  Support  Section  (ECR) 
occasionally  prepares  .special  narrative  climatologies  for 
smaller  areas  or  points  within  this  region;  contact  ECR 
directly  for  information  on  such  studies.  Station 
Climatic  Summaries  for  Africa  and  Asia  provide 
summarized  observational  data  for  many  stations  in  the 
study  region.  Staff  weather  officers  and  forecasters  arc 
urgetl  to  contact  the  Air  Weather  Service  Tehcnical 
f.ibrary  for  as  much  data  cn  the  region  as  is  currently 
available. 


! 
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Chapter  2 


MAJOR  METEOROLOGICAL  FEATURES 
OF  THE  MEDITERRANEAN  COAST  AND  NORTHEAST  AFRICA 


The  "major  meteorological  features"  of  the  Mcditeiranean  Coast  and  Northeast  Africa  are  listetl  below  as  they 
ap|x;ar  and  are  described  in  this  chapter.  These  features  affect  the  weather  and  climate  of  tlie  region  during  pad  or 
all  of  the  year.  The  same  features  may  be  discussed  in  more  detail  in  subsequent  chapters  as  they  relate  to  individual 
.subregions  of  the  study  area. 
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SEMIPERMANENT  CLIMATIC  CONTROLS 


SEA  SURFACE  TEMPERATURES  (SSTs).  The 
Mediterranean  and  Aegean  Seas  strongly  influence  the 
climate  of  the  coastal  subregions  by  modifying 
temperatures  in  the  marine  boundary  layer.  The  southern 


and  eastern  portions  of  the  Mediterranean  Sea  ate 
warmest,  while  the  Aegean  Sea  is  always  coolest. 
Figures  2-la-d  give  seasonal  SSTs  for  these  water 
bodies. 


Figure  2-la.  Mean  January  Sea  Surface  Temperatures  (F),  January  SSTs  have  a  large  temperature  gradient, 
particularly  across  the  Aegean  Sea.  The  cooler  waters  are  the  result  of  cold  continental  air  masses  moving  over 
them,  as  well  as  subsurface  mixing  in  the  Mediterranean  Sea.  Water  temperatures  are  8-15°  F  (5-9°  C)  higher  along 
the  sheltered  southern  Turkish  coast.  Mediterranean  Sea  SSTs  are  higher  in  the  east;  cold  European  polar  air  and 
subsurface  mixing  have  more  of  an  effect  on  western  areas. 


Figure  2- lb.  Mean  April  Sea  Surface  Temperatures  (F).  General  warming  in  spring  produces  a  slight  increase 
in  April  SSTs.  Warmer  water  surfaces  moderate  polar  air  masses  crossing  the  region. 
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Figure  2.1c.  Mean  July  Sea  Surface  Temperatures  (F).  By  July,  water  temperatures  peak  throughout  the  basin. 
I  he  warmest  water  is  along  the  eastern  Mediterranean  coast  and  Gulf  of  Sidra. 


Figure  2- Id.  Mean  October  Sea  Surface  Temperatures  (F).  Fall  SSI  s  remain  high  in  the  Mediterranean  but  the 
Aegean  Sea  cools  faster. 


i 
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THK  AZORES  HKiH  helps  regulate  cyclonic  activity 
into  the  Mediterranean  Sea  basin  and  is  an  im|K)rtant  pan 
ol'  the  subtropical  circulation  pattern.  This  semi¬ 
permanent  high-pressure  cell's  mejin  positbn  varies  fntim 
29°  N,  29°  W  in  January  to  37°  N,  37°  W  in  July.  Mean 
sea-level  pressure  varies  from  1021  mb  in  January  to 
1025  mb  in  July.  The  strength  and  position  of  the  high 
can  channei  mid-latitude  systems  into  the  area  or  form  a 
"blocking"  pattern  of  strong  ridging  in  the  eastern 
Atlantic  Ocean.  Mean  positions  of  the  Azores  High  anc 
shown  in  Figures  2-2a-d. 

THE  ICELANDIC  LOW  is  a  dominant  surface  feature 
in  the  North  Atlantic  throughout  the  year,  i  t  represents 
the  mean  position  of  numerous  migratory  lows  in  the 
vicinity  of  Iceland.  The  area  is  a  good  cyclogenesis 
region  due  to  the  relatively  warm  North  Atlantic  waters 
and  the  cold  air  from  Greenland.  Lows  typically  move 
west  to  cast  and  can  become  very  intense.  The  pressure 
gradient  between  the.  Icelandic  Low  and  the  Azores  High 
produces  a  broad  field  of  westerlies  over  the  Northeast 
Atlantic,  directing  a  constant  stream  of  storms  into 
western  Europe.  Most  of  these  lows  track  northeast  into 
the  Norwegian  Sea  and  occlude;  however,  secondary 
lows  frequently  form  on  the  trailing  cold  fremt  and  move 
along  a  southeastern  track  from  the  British  Isles  to  the 
Mediterranean  Sea. 

THE  ASIATIC  HKiH  is  a  strong  but  very  shallow 
semipermanent  high  pressure  system  that  dominates 
much  of  the  Asian  continent  from  late  September  to  late 
April.  It  is  produced  primarily  by  radialional  cooling. 
Migratory  Arctic  air  masses  moving  southward  to  central 
Asia  temporarily  reinforce  and  intensify  this  high. 
Centered  over  western  Mongolia,  its  mean  central 
pressure  is  strongest  in  January  (see  Figure  2-2a)  and 
February.  Vertical  extent  rarely  exceeds  850  mb.  The 
Asiatic  High  may  exceed  1,050  mb  for  1-3  day  periods; 
highest  recorded  pre.ssure  is  1,083  mb. 


The  Asiatic  High  also  plays  a  part  in  determining  the 
tracks  of  surface  lows.  Strong  high  pressure  extending 
into  eastern  Europe  usually  forces  Mediterranean  lows 
eastward  or  southeastward  into  the  Middle  East.  When 
the  Asiatic  High  is  weak  and  restricted  to  central  Asia, 
these  lows  track  in  the  direction  of  upper-level  How.  The 
Asiatic  High  provides  a  source  of  low-level  cold  air  into 
the  Adriatic,  Aegean,  and  eastern  Mediterranean  Seas. 
Cold  air  enters  the.se  waters  through  mountain  pas.scs 
along  the  Yugoslavian  coast  and  acro.ss  the  Sea  of 
Marmara  into  the  Aegean  Sea,  where  it  enhances 
cyclogencsis-scc  Figure  2-3. 

THE  SAHARAN  HIGH  is  the  only  mean,  large-.scale, 
high  pressure  feattire  in  the  eastern  Sahara  during  late 
fall,  winter,  and  early  spring.  It  develops  in  October  or 
November  and  dissipates  by  May,  but  ridging  from  the 
Azores  High  extends  into  northeast  Africa  year-round 
(see  Figures  2-2a-d).  This  high  is  part  of  the  subtropical 
belt  of  high  pressure  and  is  of  dynamic  origin.  Strong 
radiative  cooling  enhances  its  surface  .sU-ength.  Its 
day-to-day  r^sition  and  strength  vary  as  deep  polar 
troughs  enter  northern  Africa,  particularly  between 
January  and  early  April.  The  Saharan  High  generally 
moves  eastward  ahead  of  the  disturbance  or  di.sappears 
entirely  off  the  synoptic  chart.  It  usually  reforms  at  the 
.surface  within  12-24  hours  after  a  frontal  passage. 
Saharan  High  outflow  is  dry  and  cool,  averaging  3-5 
knots  during  fair  weather  periods. 

Figures  2-2a  and  2-2b  show  January  and  April 
locations  and  mean  sea-level  pressures  of  the  Saharan 
High.  The  two  features  often  produce  an  extensive 
high-pressure  ridge  over  northern  Libya  and  west-central 
Egypt.  The  Saharan  High’s  mean  April  position  shifts 
slightly  eastward  to  22°  E  due  toincrea.sed  daytime 
heating  and  the  increase  in  cyclonic  activity  over  the 
Atlas  Mountains. 


Figure  2-2a.  Mean  January  Position  of  the  Azores  High,  Icelandic  Low,  Asiatic  High,  and  Saharan  High. 
From  December  to  February,  the  Azores  High  extends  eastward  over  the  western  Sahara,  reinforcing  mean  westeriy 
surface  flow  into  the  region.  Occasionally,  a  strengthening  Azores  High  ridges  northward  over  the  coastal  waters  of 
western  Europe  for  3  to  10  days.  This  allows  the  Polar  Jet  to  slide  southward  along  the  north  and  east  side  of  the 
Azores  High  into  the  north  central  Sahara,  producing  cold  weather  outbreaks  in  the  Mediterranean  region.  The 
Icelandic  Low  is  usually  below  1,000  mb  in  winter. 


Figure  2*2b.  Mean  April  Position  of  the  Azorei  High,  Icelandic  Low,  Asiatic  High,  and  Saharan  High.  From 
March  to  May,  the  Azores  High  moves  slowly  WNW  to  near  30®  N,  32°  W.  Its  westerly  spring  migration  away 
from  the  African  continent  weakens  the  mean  higli-prcssure  ridge  over  North  Africa.  Cyclonic  activity  (and  its  main 
storm  track--see  Storm  Tracks)  dips  southward  over  the  western  Mediterranean  Sea.  Intense  dustslorms  are  common 
as  strong  winds  sweep  across  the  dry  Sahara  (see  Khamsin).  In  March  and  April,  the  Asian  landmass  warms 
quickly,  weakening  support  for  the  Asiatic  High;  mean  pressure  decreases  to  1022  mb  and  shifts  westward. 
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Figure  2-2c.  Mean  July  Position  of  the  Azores  High  and  Icelandic  Low.  From  June  U>  September,  the  Azores 
High  strengthens  to  a  mean  of  1025  mb  and  reaches  its  northernmost  position  near  37”  N,  37°  W.  The  High 
effectively  blocks  cyclonic  activity  into  the  Mediterranean  Sea  basin  by  producing  a  strong  ridge  over  western 
Europe.  Cyclonic  activity  can  penetrate  southward  only  when  the  ridge  is  weak  and  low  pressure  off  Iceland  is 
strong.  The  Icelandic  Low  is  much  less  prominent  in  summer,  with  central  pressures  averaging  near  1010  mb. 


Figure  2-2d.  Mean  October  Position  of  the  Azores  High,  Icelandic  Low,  and  Asiatic  High.  In  October,  the 
Azores  High  moves  ESE  to  a  mean  position  of  35°  N,  30°  W.  Note  that  the  Azores  High  ridge  axis  has  reueated 
from  the  western  European  coast. 


I<'igure  2-3.  General  Tracks  For  Cold  Asiatic  Air  Into  the  Central  and  Eastern  Mediterranean. 


THE  ANATOLIAN  PLA1EAU  HIGH  forms  in 
central  Turkey  during  the  winter  due  to  radiative  cooling. 
It  is  connected  to  the  east  with  similar  highs  over  the 
Iranian  highlands.  With  calm  conditions,  the  short-lived 
high  pressure  cell  often  forms  southeast  of  Ankara. 
Turkey’s  mountainous  terrain  creates  a  natural  barrier  to 
eastward-moving  systems,  and  the  high  pres.sure 
reinforces  this  barrier.  Strong  winter  and  early  spring 
cyclones  can  break  down  the  ridge  and  move  directly 
across  Turkey.  This  high  is  not  persistant  enough  to 
show  on  mean  pressure  charts. 

THERMAL  LOWS.  Four  well-defined  thermal  lows  or 
troughs  affect  this  region  directly  or  indirectly  during 
different  parts  of  the  year;  they  are  the  Sudanese  Low, 
the  Anatolian  Plateau  Thermal  Trough,  the  Saharan  Heat 
Low,  and  the  Saudi  Arabian  Heat  Low. 

The  Sudanese  Heat  Low  is  present  during  most  of  the 
ycar-sce  Figures  2-4a-d.  It  is  responsible  for  southerly 


winds  that  advect  moist,  warm  air  ahead  of 
eastward-moving  Atlas  and  Cyprus  Lows.  The  Red  Sea 
is  the  source  of  this  moisture,  which  can  result  in 
thunderstorm  activity  over  the  northeastern  Sahara. 

The  Anatolian  Plateau  Thermal  Trough  is  a  daytime 
surface  feature  produced  by  strong  surface  heating  over 
the  Anatolian  Plateau  of  Turkey  from  May  to 
September-see  Figure  2-4c.  The  trough,  sometimes 
becoming  a  weak  low,  may  appear  to  be  part  of  the 
large-scale  low  pressure  trough  over  Africa,  the  Middle 
East,  and  South  Asia;  it  is,  however,  a  local 
phenomenon.  This  is  particularly  evident  in  the  fall 
when  cool  air  penetrates  into  the  region  and  destroys  the 
trough,  while  the  large-scale  low  pressure  trough  remains 
intact  over  soutfiwest  Asia.  This  thermal  trough  is 
responsible  for  enrating  the  Etesians  (which  see),  a  local 
northerly  wind  circulation  through  the  Aegean  Sea. 
Flow  along  the  trough’s  northwestern  quadrant  reinforces 
these  winds. 
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I'he  Saharan  Heat  Low  develops  over  the  Sahara 
Desert  near  25°  N,  3°  E  in  iale  March  or  early  April  and 
lasts  until  mid-October.  It  is  sustained  by  intense  solar 
radiation  through  the  summer  and  can  extend  up  to  750 
mb.  This  low  anchors  the  western  end  of  the  large-scale 
low  pressure  trough  extending  from  Pakistan  westward 
to  the  Sahara.  In  March  and  April,  it  is  the  origin  for  hot, 
dust-laden  air  masses  that  affect  the  eastern  Sahara  and 


Mediterranean  coast.  It  also  assists  in  Atlas  Low 
development.  In  northwestern  Libya,  west  of  22°  E,  dry 
low-level  winds  blow  from  45  to  170  degrees  and 
average  8  to  15  knots.  This  persistent  circulation 
introduces  large  amounts  of  dust  into  the  atmosphere. 
By  July,  the  semipermanent  Saharan  Low  has  a  mean 
surface  pressure  of  KXM  mb-see  Figure  2-4c. 


Figure  2-4a.  Mean  January  Position  of  the  Sudanese  Low.  Between  December  and  March,  the  Sudane.se  Low 
lies  over  the  elevated  plateaus  of  southwestern  Ethiopia  and  southeastern  Sudan  at  7°  N,  32°  E. 


Figure  2-4b.  Mean  April  Position  of  the  Sudanese  Low.  In  April  and  May,  the  Sudanese  Low  migrates 
northward  to  15-20°  N. 
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Figure  2-4c.  Mean  July  Positions  of  the  Saharan  Low,  Anatolian  Plateau  Thermal  Trough,  and  Sudanese 
Trough.  Between  June  and  September,  the  Sudanese  Low  becomes  part  of  the  large-scale  thermal  trough  extending 
f  rom  the  western  Sahara  to  northwest  India,  as  shown. 


Figure  2-4d.  Mean  October  Position  of  the  Sudanese  Low.  In  fall,  the  Sudanese  Low  reappears  as  the  closed 
circulation  shown  here. 
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The  Saudi  Arabian  Heat  Low  is  present  from  April  to 
late  October.  It  can  extend  to  650  mb.  Its  summer 
position  and  strength  is  regulated  by  intense  surface 
heating  over  the  Rub  al  Khali  Oesert.  Its  mean  position 
(20°  N,  48°  E)  varies  little.  The  low  weakens  at  night, 
producing  descending  aii  and  dry  northeasterlies  in  the 


Red  Sea  and  eastern  Egypt/Sudan;  speeds  are  5  to  IS 
knots.  Since  it  d(x:s  not  appear  on  mean  prc.s.surc  churls 
for  July,  the  gradient-level  streamline  ilow  over  the 
eastern  Sahara  and  Middle  East  Peninsula  is  shown  in 
Figure  2-5. 


Figure  2-5.  Mean  July  Position  of  the  Saudi  Arabian  Heat  Low.  Streamlines  (solid  lines) 
show  direction  of  flew.  Isotachs  (dashed  lines)  are  in  knots. 
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THK  MONSOON  CLIMATE.  The  lerm  "monsoon"  is 
generally  applied  lo  areas  where  there  is  a  seasonal 
reversal  of  the  prevailing  surface  winds,  The  generally 
accepted  definition  of  a  ''monsoon"  climate  incorporates 
the  following  criteria  (after  Ramage,  1971): 

•Prevailing  seasonal  wind  directions  btHween 
summer  and  winter  must  change  by  at  least  120 
degrees; 

•Both  summer  and  winter  mean  wind  speeds  must 
equal  or  exceed  10  knots  (5  meters/scc); 


•Wind  directions  and  speeds  must  exhibit  high 
degrees  of  steadiness;  and 

•No  more  than  one  cyclone/anlicyclone  couplet 
(Kcurs  during  January  or  July  in  any  2-year  pcriinl 
within  any  5  degree  grid  square. 

Figure  2-6  shows  the  northern  limit  of  the  monsoon 
climate  (shaded  area)  lying  across  Northeast  Africa  as 
defined  by  Ramage. 


Figure  2-6,  Region  Affected  by  the  Monsoon  Climate.  The  hatched  area  shows  the  northern  extent  of  the 
"monsoon  climate"  according  to  Ramage. 
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THE  MONSOON  TROUOH  fornis  inun  th^  itoiilhwesicriies.  The  Monsoon  Trough’s  northward 

convergence  of  Azores  and  South  Atlantic  High  ouiilow.  movement  from  March  to  J  uly  is  more  gradual  than  the 

Oriented  WSW  to  ENE  across  eqtuitorial  Africa,  it  southward  movement  from  August  to  Noveinitcr,  The 
separates  the  dry  subtropical  Saharan  air  from  the  moist  trough  is  farthest  north  in  July  and  August.  Figure  2-la 

equatorial  Atlantic  air.  A  series  of  lows  develop  along  shows  its  positions  as  it  moves  into  Chad  and  Sudan; 

the  trough  axis  where  the  northerly  winds  meet  the  Figure  2-7b  shows  its  positions  as  it  moves  out. 


Figure  2>7a.  Mean  March-July  Monsoon  Trough  Positions,  Chad  and  Sudan. 


Figure  2-7b.  Mean  August-November  Monsoon  Trough  Positions,  Chad  and  Sudan. 
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From  March  to  May,  surface  Monsoon  rrough 
moveincnis  iiio  characlcrizod  by  brief  1-3  day  norlhward 
singes  when  deep  Allas  l.ows  (whicli  see)  icntporarily 
replace  or  weaken  the  Azores/Sahiuan  High  pressure 
ridge  over  the  Sahara.  Tlic  Monsixm  rtoiigh  movc-s 
northward  20-50  NM  in  response  to  the  lower  pressure 
and  is  driven  .southward  again  when  high  pressure  builds 
behind  the  front.  These  highs  arc  still  strong  in  Mitfch, 
but  they  are  much  weaker  and  less  frec|'ienl  in  April  and 
May,  allowing  the  surface  Mon.soon  Trough  to  gradually 
move  northward  in  llie  .spring.  Between  December  and 
July,  the  South  Atlantic  High  also  strengthens  and  moves 
from  32°  S  to  26°S,  driving  the  uough  norlhward.  As 
the  Mon.soon  Trough  approaches  and  moves  north  of  a 


station,  the  mean  surface  winds  back  through  the  north 
and  west. 

Di  ”ing  the  summer,  ridging  from  (he  A/otes  and 
Saharan  Highs  is  replaced  by  the  Saharan  Heat  Low. 
Cyclonic  activity  and  transitory  highs  shift  northward. 
The  average  position  of  the  surface  Monswin  Trough 
remains  faiily  constant  during  the  summer.  Figure  2-8a 
shows  the  general  summer  meteorological  pattern  with 
the  broad  Monsoon  Trough,  actually  a  wide  lelt  of 
thermal  lows  suetching  aentss  the  African  continent  and 
dominated  by  the  hot,  dry,  Saharan  air  mass.  Figure:  2-8b 
is  a  satellite  view  of  an  active  Monsoon  Trough  in  June 
with  a  tropical  di.slurbancc  over  southwe.sl  Sudan. 
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Figure  2-8a.  Summer  IVfoDSiMm  Trough  Meteorological  Pattern. 
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lE-l  la  WI'TEOSAI,  Enlarged  View,  Infrared  Pictuic.  I I55GMT  l.i.lune  1979. 

Figure  2-Sb.  Satellite  View  of  Northeast  Africa  Showing  a  Tropical  Disturbance  in  the 
Monsoon  Trough  (Fett,  1983).  The  low  is  identified  as  a  tropical  disturbance  over  southwest 
.Sudan.  Tne  suspended  dust  of  a  Haboob  (which  see)  is  evident  north  of  Khartoum. 
Thunderstorms  were  repor<»dl  south  of  Khartoum,  and  suspended  dust  and  duststorms  were 
reported  north  and  west  of  the  city. 


The  boundary  separating  the  Saharan  air  mass  from 
die  cooler,  moistr.-  equatorial  air  to  the  yjuth  is  often 
referred  to  by  A%ican  meteorologists  as  the  ''Intertropical 
Discontinuity. "  or  ITD.  Other  meteorologists  may  use 
other  terras  for  the  ITD,  which  is  shewn  as  the  hatched 
line  in  Figure  2  9.  The  ITD  slopes  southward  and 
extends  upward  io  700-600  mb.  It  is  a  baroclinic  zone, 
with  stable  Saharan  air  over  moist,  conditionally  unstable 
equatorial  air.  Tfie  ITD’s  mean  summer  position  is  15° 


N  at  850  mb  and  5°  N  at  700  mb.  It  is  marked  by  wind 
shifts  and  humidity  cc/ntrasts.  On  the  north  of  the  ITD, 
winds  are  generally  northerly  or  easterly  at  low-  and 
mid-levels,  while  winds  to  the  south  are  southwesterly  or 
westerly.  The  two  contrasting  air  masses  also  produce 
the  thermally  driven  Mid-Tropospheric  Easterly  Jet 
(which  see)  that  produces  localized  areas  of  divergence, 
"enhancing  cloud  cover  and  rainfall. 
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Figure  2*9.  Vertical  Cross  Section  of  the  "African  Interior"  Monsoon  Trough  and  the  Intertropical 
Discontinuity  (ITD)  (A-om  Omotosho,  1984).  Note  that  precipitation  essociated  with  the  Monsoon  Trough  and  the 
ITD  occurs  well  south  of  the  Monsoon  Trough's  surface  position. 
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MKAN  MID  AND  UPPER-LEVEL  FLOW.  Figures  2-10  through  2-13  show  January.  April,  July,  and  October 
streamline  How  at  850, 7(X),  500,  300,  and  2(X)  millibars  over  the  entire  SWANEA  study  area. 


Figure  2-IOb.  Mean  .lanuary  Upper-Air  Flow  Patterns,  700  mb. 


Figure  2-IOd.  Mean  January  Upper-Air  Flow  Patterns,  300  mb. 
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Figure  2- 13a.  Mean  October  Upper- Air  Flo\y  Patterns,  8S0  mb. 
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igure  2- 13c.  Mean  October  Upper-Air  Flow  Putterns,  500  mb. 
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'I'HK  SIIBTROPK'AL  RIDCtR.  Ttiis  ii|)pcr-lcvel  with  allcrnating  peritxis  of  westerly  and  jasterly 
Icaiurc,  represented  graphically  by  the  2(X)-mb  ridge  axis  upjx;r-lcvcl  How,  Up|)er-levcl  westerly  How  occurs 
line,  marks  the  division  between  upper-level  westerly  throughout  the  year  north  of  30°  N.  In  Oclolx;r, 
and  easterly  flow.  As  shown  in  Figure  2-14,  the  southerly  or  easterly  How  only  occurs  south  of  20°  N 
Subtropical  Ridge  o.sciIlates  from  6°  N  in  January  to  April  and  October  positions  can  be  inferred  from  Figures 
24-27°  N  in  July,  litis  oscillation  provides  the  region  2-1  le  and  2-13e. 
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SYNOPTIC  DISTURBANCES 


JKT  STREAMS.  Four  different  jet  streams  affect  thi.s 
region:  the  Polar  Jet  (PJ),  the  Subtropical  Jet  (STJ),  the 
Tropical  fiasterly  Jet  (TEJ),  and  the  Mid-Tropo-spheric 
Easterly  Jet  (MTEJ). 

The  Polar  and  Subtropical  Jets  (PJ  and  STJ)  are 
important  to  the  formation  and  movement  of  weather 


systems  throughout  the  Mediterranean  Basin,  The  PJ’s 
position  and  movements  control  cold  air  advection  and 
mid-level  direction  for  developing  Mediterranean 
cyclones:  the  STJ  provides  steering,  shear,  and  outflow 
in  the  upper  layers.  These  jets  affect  all  of  the  study  area 
except  sub-Sahman  Chad  and  Sudan.  Figure  2-15  shows 
the  mean  jet  positions  in  January  and  July. 


Mean  PJ  positions  vary  from  north  to  south  over 
Europe  from  .'55°  to  65°  N.  Maximum  wind  speeds  from 
December  to  March  vary  from  60  to  160  knots.  The  PJ 
is  usually  found  near  30, (KX)  feet  (9,146  meters)  M.SL. 
Southward  deviations  (to  30-45°  N)  arc  most  frequent 
between  December  and  March,  but  the  PJ  enters  the 
eastern  Sahara  on  rare  occasions  in  April,  May,  or  June. 
The  April-June  PJ  is  found  between  30,(XX)  and  34,000 
feet  (9,146-10,365  meters)  MSL;  maximum  wind  speeds 
are  between  60  and  140  knots. 

Although  the  STJ  shows  less  variability  in  its  daily 
position,  seasonal  variability  is  greater  than  that  of  the 
PJ.  Mean  STJ  positions  over  the  subtropics  range  from 
25°  to  45°  N.  Maximum  wind  .speeds  between 
December  and  April  are  between  80  and  180  knots  at  a 
mean  height  of  39,000  feet  (12,195  meters)  MSL. 
Speeds  between  May  and  November  are  between  30  and 
60  knots  at  39,000-43,0(]0  feet  (12,195-13,110  meters) 
MSL.  The  STJ  is  weakest  in  July  and  August,  seldom 
extending  south  of  35°  N. 


Initially,  surface  low-pressure  ceils  develop  when  a 
strong  PJ  digs  .south  of  30°  N  and  forms  a  deep 
upper-level  trough.  Northerly  flow  often  develops  on  the 
east  side  of  a  blocking  high-pressure  ridge  over  the 
eastern  Atlantic.  The  PJ  and  upper-level  trough  may 
intensify  surface  lows  over  the  Mediterranean  Sea  and  in 
the  lee  of  the  Atlas  Mountains  of  northwestern  Africa. 
Northerly  flow  ensures  that  the  trough  and  the  surface 
cyclone  move  eastward  into  the  eastern  Mediterranean. 

The  preferred  area  of  low-pressure  center 
intensification  is  often  under  the  southeast  quadrant  of 
the  upper-level  trough.  The  low'  often  deepens  in  the 
area  between  the  two  jets.  Jet  stream  interaction  most 
frequently  occurs  with  Atlas  Lows  between  25°  and  30° 
N-nearest  the  mean  position  of  the  STJ.  Figures  2-16a-c 
illustrate  generalized  PJ/STJ  interaction  and  low-pressure 
intensification  area  for  Genoa,  Allas,  and  Cyprus  Lows, 
respectively. 


Figure  2"i6a.  Typical  Jet  Positions  During  Figure  2-16b.  Typical  Jet  Positions  During 

Formation  of  Genoa  Low.  The  surface  low  formation/  Formation  of  Atlas  Low.  The  surface  low  formation/ 

intensification  area  is  denoted  by  the  circled  X.  intensification  area  is  denoted  by  the  circled  X. 
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Figure  2-16c.  Typical  Jet  Positions  During  Formation  of  Cyprus  Low. 
The  surface  low  fonnation/intensificaiion  area  is  denoted  by  the  circled  X. 


Tropical  Easterly  Jei  (TEJ).  This  summer  feature  in 
the  upper-level  easterlies  develops  as  outflow  from  the 
southern  edges  of  the  Tibetan  2(X)-mb  circulation.  The 
TEJ  provides  an  outflow  mechanism  for  Monsoon 
Trough  convection,  thus  sustaining  convection  in 
sub-Saharan  Chad  and  Sudan.  Changes  in  the  TEJ  may 
cause  surges  in  Monsoon  Trough  convection.  Its  mean 


position  lies  at  about  10*^  N,  but  it  oscillates  between 
7°30’  and  18°  N  (see  Figure  2-17).  Highest  wind  speeds 
(90  knots)  are  found  between  100  and  200  mb.  The  TEJ 
normally  lies  about  4-5°  south  of  the  surface  Monsoon 
Trough  over  the  African  continent  west  of  the  Ethiopian 
Highlands. 


Figure  2-17.  Mean  July  200-mb  Zonal  Flow  Showing  the  Tropical  Easterly  Jet  (TFJ).  The  dark  arrow  i.s  the 
TEJ.  The  stippled  area  represents  easterly  Oow.  Dashed  lines  arc  isotachs  in  knots.  Solid  lines  are  westerly  flow 


isolachs. 


Mid'Tropospheric  Easterly  Jet  (MTEJ).  This 
mid-level  jcl  occurs  over  subtropical  Africa  between 
May  and  October.  The  MTEJ  develops  from  the  thermal 
contrast  along  the  ITD  as  hot,  dry  Saharan  air  lies  over 


the  cooler,  moister  equatorial  air.  The  gradient  is 
strongest  during  the  summer  when  .surface  temperatures 
reach  their  maximum  over  the  Sahara,  but  change  little 
over  equatorial  regions. 


Figure  2-18.  Meridional  Cross  vSection  of  Zonal  Winds  Near  10°  E  for  July.  Solid  lines  are  isotachs  in  knots. 
The  arrow  points  out  the  location  of  the  MTEJ. 


The  MTEJ  develops  along  the  Ethiopian  Highland 
foothills  (the  southeastemmost  penetration  of  Saharan 
air)  and  extends  westward  to  the  Atlantic  Ocean.  Mean 
jet  core  winds  average  25  knots;  maximum  speeds  ca,n 
reach  50  knots.  Figure  2-19  shows  an  MTEJ  latitudinal 


cross  section  at  13°  N  in  August.  The  dotted  line  shows 
the  jet  axis.  The  MTEJ  steers  African  Waves  (which  see) 
westward  betv/een  Khartoum  and  N’Djamena  from  June 
through  September. 


Figure  2-19.  Cross  Sectional  View  Showing  the  MTEJ  at  13°  N  in  August  (from  Burpee,  1S172).  Solid  lines 
are  isotachs  in  knots.  The  dotted  line  shows  die  jet  axis.  The  easterly  wind  maximum  correlates  well  with  the  mean 
height  of  the  Intertropical  Discontinuity  (ITD)  at  13°  N  during  August. 


2-30 


MID-LATI'IUDK  CYCLCXiKNKSIS.  Arais  oS 
cyclogcncsis  for  Genoa  Lows,  Allas  Lows,  and  Cyprus 
Lows  are  shown  in  Figure  2-20.  These  systems  affecl  the 
eastern  Mediterranean  Coast  and  northeast  Africa  most 


Ifcquenlly  between  November  and  March.  Deep  Cyprus 
Lows  produce  thunderstorms  in  the  northern  Nile  River 
Valley  of  Egypt.  One  winter  thunderstorm  in  this  itfca 
brings  70  to  90%  of  the  entire  seasonal  rainfall  toutl. 


Figure  2-20.  Mediterranean  Cyclogenesis  Regions.  The  three  primary  areas  of  cyclogenesis  are 
shown  for  (1)  Genoa  Lows,  (2)  Allas  Lows,  and  (3)  Cyprus  Lows.  Arrows  indicate  general 
direction  of  movement. 


Synoptic  considerations  dictate  speciFic  areas  for 
cyclone  formation  and  movement.  Surface  pressure 
patterns,  shortwave  troughs,  vorticily  advection,  and 
jet-stream  positions  determine  cyclone  strength.  The 
entire  Mediterranean  coast  is  affected  by  these  systems. 
Surface  cold  fronts  extend  southward  into  northern  Libya 
and  Egypt  and  provide  most  signincanl  weather  in  these 
arv'iis.  Only  abnormally  deep  surface  Uoughs  can  bring 
even  weak  temperature  changes  and  wind  shifts  south  to 
18"  N.  Cold  fronts  moving  south  of  this  area  weaken 
into  a  .shear  line. 


The  Genoa  Low  forms  primarily  from  December  to 
March  in  the  Gulf  of  Genoa  (the  northern  part  of  the 
Ligurian  Sea);  it  accounts  for  69%  of  Mediterranean 
basin  cyclones.  Airflow  over  the  Swiss  Alps  produces 
lee-side  troughing  off  the  coast  of  Italy;  transient 
disturbances  intensify  in  this  trough.  These  storms 


normally  intensify  over  a  12-48  hour  period  before 
moving  off  into  the  north-central  Mediterranean. 

There  are  three  common  patterns  for  Genoa  Low 
development  One  is  the  movement  of  a  surface  cold 
front  into  the  Gulf  of  Genoa  from  the  west  in  advance  of 
an  upper-level  trough,  which  produces  southwesterly 
flow  aloft  in  the  warm  sector.  Unstable  cold  air  advected 
by  strong  northerly  surface  winds  through  the  Rhone  Gap 
in  southern  France  produce  cyclonic  turning  at  the  lower 
levels.  The  warm  Mediterranean  Sea  supplies  moistuie 
to  the  developing  low,  which  moves  .southeastward  into 
the  Mediterranean,  then  turns  eastward  toward  Turkey. 
The  primary  hack  is  ESE  into  Cyprus,  with  a  secondary 
track  ENE  into  the  Black  Sea.  The  cold  front  will 
normally  extend  200  NM  inland  into  northern  Africa,  but 
the  .soulliem  end  is  weak. 
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A  second  common  synoptic  patient  for  Genoa  Low 
development  is  the  establishment  of  a  blocking  S(K)-mb 
ridge  over  the  eastern  Atlantic  along  the  European  coast 
that  brings  north  to  northwesterly  mid-level  flow  into  tlie 
Mediterranean  basin.  Icelandic  Lows  passing  to  the 
north  extend  cold  fronts  southcaslwivd  over  Spain  and 
France.  The  blocking  long-wave  ridge  steers  shortwaves 
into  the  Gulf  of  Genoa.  Cold  air  aloft,  warm  water  at  the 
surface,  and  lee-side  troughing  combine  to  intensify  the 
shortwaves.  The  low  normally  tracks  southeastward  over 
the  central  Mediterranean  Sea.  These  migratory  lows 
may  bring  short  periods  of  light  showers,  drizzle,  or 
virga  to  areas  east  of  1.5°  E  and  north  of  23°  N. 


In  Mait'h  and  April,  the  mean  Azores  High  moves 
norlhwc.stward,  shifting  the  mean  mid-level  flow  pattern 
from  zonal  to  more  meridional.  This  cun  cause  a 
southward  movement  of  disturbances  along  the  Polar  Jet, 
which  often  digs  along  the  backside  of  the  .50()-mb 
trough,  prcKlucing  lifting  along  the  Allas  Mountains. 
Mid-  level  cold  air  and  moisture  cross  the  Atlas  range  as  a 
cold-core  cut-off  low  or  shortwave.  These  storms 
seldom  develop  or  penetrate  very  far  into  the  eastern 
Sahara  without  strong  northerly  flow  and  mid-level  cold 
air  support.  The  Subtropical  Jet  provides  strong  outflow 
and  divergence  aloft;  mean  wind  speed  is  80  knots  over 
western  Africa  in  the  spring. 


A  third  synoptic  situation  for  Genoa  Low  formation 
occurs  when  cyclonic  shear  over  the  Strait  of  Gibraltar 
produces  an  upper-level  cutoff  low  in  the  western 
.Mediterranean.  About  10%  of  these  vortices  reach  the 
Gulf  of  Genoa  and  intensify  into  a  Genoa  Low.  These 
troughs  bring  mid-  and  upper-level  clouds,  but  no 
precipitation  in  northeastern  Africa  south  as  far  as  25°  N. 

The  Atlas  Low.  From  March  to  April  and  from  October 
to  early  December,  transitory  lows  form  In  the 
north-central  interior  of  Algeria  southeast  of  the  Atlas 
Mountains  near  30°  N,  2°  E.  An  Atlas  Low  generally 
forms  when  a  mid-  or  upper-level  trough,  oriented 
NE-SW  over  Spain,  is  positioned  over  a  weak  surface 
low  or  slow-moving  cold  front. 


The  lows  normally  move  northeast  over  the 
south-central  Mediterranean  along  the  polar-subtropical 
jet  axes.  They  produce  strong  south  or  southwesterly 
winds  within  tlie  cyclone’s  warm  sector  (.see  Sirocco  and 
Khamsin  regional  winds).  When  a  sustained  northerly 
flow  pattern  persists  for  more  than  3  days,  the  Polar  Jet 
and  the  mean  Atlas  Low  storm  track  shift  southward  with 
the  lows  moving  east  across  the  northern  Sahara;  polar 
air  surges  south  of  30°  N.  Southerly  winds  are  greater 
than  25  knots,  producing  Khamsin  winds  over  central 
portions  of  the  eastern  Sahara.  Strong  surface  high 
pressure  (sec  Harmattan)  normally  moves  in  behind  the 
system.  Figures  2-21a  through  e  depict  a  3-day  sequence 
during  which  Atlas  low  cyclogenesis  and  movement  is 
east-southeastward  over  the  northern  Sahara. 


Figure  2-21a.  Synoptic  Surface  Chart  (7  April  1954,  OOOOZ),  Atlas  Low,  Pressures  in  millibars. 
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Figure  2-2 Ic.  Synoplk  Surface  Chart  (8  April  1954,  OOOOZ),  Atlas  Low.  Pressures  in  millibars.  TTieAUasLow 
is  developing  on  the  leeside  of  the  Atlas  Mountains. 


Figure  2-21d.  500-mb  Flow  (8  April,  1954,  0300Z),  Atlas  Low.  Contours  are  heights  in  geopolenUal  meters 
(gpm).  The  5(X)-mb  trough  is  moving  southeastward  from  central  Spain  into  northern  Algeria,  forming  a  cut-off  low 
at  35°  N.  3°  E. 


igure2-21e.  Synoptic  Surface  Chart  (9  April  1954,  OOOOZ),  Atlas  Low.  Pressures  in  millibars.  The  Adas  Low 
positioned  along  the  Libya  Egypt  border. 


The  Cyprus  Low.  This  migratory  low  can  create  heavy 
thunderstorm  activity  between  November  and  March. 
Two  factors  contribute  to  Cyprus  Low  cyclogcncsis; 
low-lcvcl  inllow  of  norihwcstorlics  Iroin  the  Aegean  Sea 
over  warm  eastern  Mediterranean  waters  (sec  Figure 


2-22)  and  in.stability  aloft  caused  by  cold  slow-moving 
migratory  (mid-  and  upper-level)  polar  troughs.  One  or 
two  Cyprus  Lows  produce  extensive  thunderstorm 
outbreaks  every  winter. 


Figure  2-22.  Surface  Circulation  Causes  Development  of  the  Cyprus  Low. 


The  Cyprus  Low  develops  over  a  warm  water 
surface.  As  a  result,  less  instability  is  needed  to  sustain 
lower  surface  pressures.  Favorable  mid-  and  upper-level 
flow  (westerlies)  occur  frequently  throughout  the 
December-Maich  period,  whereas  the  Atlas  Low 
cyclogenesis  area  requires  a  sustained  northerly  flow 
pattern,  common  only  during  uansilion  seasons. 


Figures  2-23a-d  illusirate  a  mid-November  sequence 
for  Cyprus  Low  formation.  Figures  2-23a-c  are  surface 
charts  showing  the  16-18  November  1953  development 
of  the  low,  and  2-23d  is  the  18  November  500-mb  chart. 
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Figure  2-23a.  Synoptic  Surface  Chart  (H  November  1953«  OOOOZ),  Cyprus  Low.  Pressures  in  millibars. 
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A  thunderstorm  outbreak  with  significant  rainfall 
requires  cold  air  between  700  an<l  500  mb,  usually  15  to 
18°  F  (8-10°  C)  colder  than  the  environment. 
Occasionally,  very  cold  polar  troughs  penetrate  the 
eastern  Mediterranean  Sea  with  moi.st  low-level  .support. 
Warm  Saharan  surface  air  advected  ahead  of  the  cold 
front  creates  favorable  conditions  for  Cyprus  Low 
development  and  severe  thunderstorm  activity. 
Significant  positive  vorticity  advection  is  required  to 


trigger  the  development,  otherwise  only  light,  short-lived 
showers  occur. 

For  the  rare  heavy  rainfall  or  snowfall  to  occur, 
strong  mid-  and  upper-level  troughs  must  accompany  the 
surface  low.  Figures  2-24a  through  d  show  two  different 
Cyprus  Lows  in  the  eastern  Mediterranean  Sea;  the  rare 
heavy  rainfall  event  is  only  produced  by  the  synoptic 
patterns  in  Figures  2-24c  and  d. 


Figure  2-24a.  500-mb  Contour  Chart  Over  a  Cyprus  Low  With  No  Severe  Thunderstorms  or  Heavy 
Precipitation.  Dashed  lines  are  isotherms  (C)  at  5-degree  intervals;  solid  lines  are  geopoienlial  height  (gpm)  at 
5()-meter  intervals. 


Figure  2-24i>.  Surface  Chart  Depicting  Cypras  Low  Position  Beneath  a  Weak  Mid-Level  Trough  With  No 
Severe  Thunderstorms  or  Heavy  Precipitation.  Solid  linos  arc  surface  pressure  isobars  at  2-tnb  intervals.  Arrow 
shows  system  movement. 
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Figure  2-24c.  500-mb  Contour  Chart  Over  an  Intense  Cyprus  Low  Witlli  Severe  Thunderstorms  and  Heavy 
Precipitation.  Dashed  lines  are  isotherms  (C)  at  S*degree  intervals;  solid  lines  are  geopotential  height  (gpm)  at 
SO-meter  intervals. 


Figure  2>24d.  Surface  Chart  Depicting  Cyprus  Low  Position  Beneath  a  Strong  IVIid«Level  Trough  With 
Severe  Thunderstorms  and  Heavy  Precipitation.  Solid  lines  are  surface  pressure  isobars  at  2-mb  intervals. 
Arrow  shows  system  movement.  Snow  cccurs  when  when  this  synoptic  pattern  is  supplemented  by  extremely  cold 
low-  and  mid-level  Asiatic  air  adveetkm  into  the  back  of  the  primary  low  (see  Figure  2-3).  Although  such  events  are 
rare  (the  average  is  one  every  5  years),  they  can  occur  in  any  given  winter  when  synoptic  conditions  are  favorable. 
The  snow  in  these  events  falls  over  the  eastern  Mediterranean  coastal  plain  and  in  the  hills  aitd  mountains  behind  the 
primary  cold  front  .Amounts  at  elevations  above  500  feet  (150  meters)  MSL  can  be  signillcant;  Jerusalem  got 
nearly  10  inches  during  a  March  1960  storm. 
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STORM  TRACKS.  From  May  loOcUrhcr.  mid-laliludc 
siorms  aic  very  rare  in  the  Mediterranean  Se^i.  The  mean 
November  storm  tracks  shown  in  Figure  2-25a  reflect  the 
southward  movement  of  the  Polai  Jet.  Figure  2*25b 
shows  tlie  Decembsr-February  storm  tracks  as  they  affect 
the  eastern  Mediterranean  Sea.  Figure  2-25c  shows  the 
storm  tracks  that  affect  the  region  in  March  and  April. 
Leeside  troughing  along  the  Allas  Mountains  initiates 
Allas  Low  cyclogenesis  inland  over  northwest  Africa. 


Figure  2-25b.  Primary  (solid  arrow)  and  Secondary 
(dashed  arrow)  Mid-Latitude  Storm  Tracks, 
December,  January,  and  February.  Genoa  and  Cyprus 
Lows  are  the  main  sources  of  cyclonic  activity.  Primary 
tracks  (solid  arrows)  pass  through  the  Gulf  of  Genoa  and 
eastern  Mediterranean  basin.  The  secondary  track 
(dashed  line)  is  for  Allas  Lows. 


Figure  2-25c.  Primary  (solid  arrow)  and  Secondary 
(dashed  arrow)  Mid-Latitude  Storm  Tracks,  March 
and  April.  Alias  Lows  ptxxluce  the  majority  of 
significant  spring  weather.  Genoa  Lows  can  also 
develop  in  the  Bay  of  Biscay  along  northern  Spain  and 
western  France,  but  these  move  ENE  across  southern 
Europe. 
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AFRICAN  WAVES  urigiiiate  over  southern 
Chud/Siulan  al  the  7(K)-tTib  level  between  10°  and  13°  N 
Iroin  May  to  October.  The  trough  is  usually  tilted 
slightly--, see  Figure  2-26.  These  waves  move  from  cast 
10  west  at  10-15  knoLs.  Successive  waves  can  develop 
every  2  to  5  days,  from  )  ,2(X)  to  2,2(X)  NM  apart.  Much 
controversy  still  surrounds  wave  genesis  over  Southern 
Chad/Sudan,  but  apparently  the  MTEJ  creates  a  shearing 
environment,  a.ssisted  by  positive  vorticity  and  latent  heat 
release. 

Very  little  weather  is  associated  with  the.se 
disturbances  before  late  June.  Since  moisture  is  limited, 
weak  troughs  .seldom  produce  more  thsin  an  increase  in 
mid-level  cloud  cover.  In  the  weaker  troughs,  mid-level 
winds  are  lighter  than  surface  winds;  convergence,  cloud 
cover,  and  precipitation  arc  on  the  east  side  of  the  trough. 

By  late  July,  the  surface  Monsoon  Trough  moves  to 
near  20°  N,  bringing  more  moisture  into  southern 
Chad/Sudan.  The  MTEJ  is  also  well-cstabli.shcd, 
increasing  the  likcliluxxl  for  increased  cloud 
development  and  rainfall  on  the  west,  rather  than  on  the 
east,  side  of  the  trough.  Slight  increases  in  surface  v/ind 
speeds  significantly  increa.se  convective  development. 
Wind  speeds  of  40  knots  have  been  observed. 


TROl’K'AL  SQUALL  LINES  develop  in  southern 
Chad/Sudan  diu'ing  the  summer  and  move  westward  at 
20-30  knots.  The  leading  edge  is  often  a  sharply  defined, 
north-.south  arc  that  contains  convective  cells  in  various 
.stages  of  gnjwth;  there  are  multiple  outflow  boundaries. 
The  cirrus  outllow  merges  into  a  .solid  shield.  Three 
.synoptic  conditions  are  necessary  for  tropical  squall  line 
development.  They  are  (from  Fortune,  1980): 

•Shcitr  and  instability  along  the  Intertropical 
Discontinuity  (ITD) 

•The  Monsoon  Trough,  which  supplies  large 
amounts  of  moisture,  is  located  between  15° 
and  20°  N 

•Convergence  is  occurring  through  a  deep  layer 
of  the  mid-u-opo,sphere. 

The  tropical  .squall  line  is  strictly  a  summertime 
phenomenon  south  of  16°  N.  There  are  two  main 
differences  between  hopical  .squall  lines  and  those  of  the 
mid-latitude  type:  (1)  the  anvil  cloud  extends  behind 
(east)  of  the  squall  lines-not  in  front,  and  (2)  new 
convective  squall  lines  develop  to  the  west  of  the  outflow 
boundary. 


Figure  2-26.  Basic  Cloud  and  Wind  Pattern  with  a 
T  ropical  Wave  (from  Leroux,  1983).  The  u-ough  axis 
is  shown  by  a  dashed  line.  The  solid  line  represents  the 
7(X)-mb  jxjsition  of  the  ITD.  Wind  speeds  are  in  knots. 


lnlen.se  downdralts  and  outflow  boundaries  can 
occur  beneath  individual  convective  ceils.  Cold 
downdrafts  cause  rapid  temperature  decreases  and  can 
raise  large  amounts  of  dust  and  sand  into  the  air; 
visibilities  can  be  reduced  to  less  than  1/2  mile.  Brief 
and  intense  rainfall  is  common,  but  coverage  is 
extremely  variable.  Downdraft  speeds  average  20  to  30 
knots  over  flat  terrain,  increasing  to  40  knots  in  the 
Marrah  Mountains  of  west-central  Sudan. 

In  northeastern  Chad,  experienced  Americari 
mcleorologisLs  have  observed  squall  line  gusts  in  excess 
of  .50  knots  with  near-zero  visibilities  caused  by  du.sl  and 
sand.  Strong  norlh-.south  outflow  boundaries  vary  from 
5  to  150  NM  in  length. 

Figure  2-27  shows  a  possible  formation  sequence  of 
an  African  ;quall  line.  A  common  source  is  near  Lake 
Chad,  where  additional  moisture  is  available  and  where 
easterly  flow  is  channelexl  between  the  Tibesti  and 
Marrah  Mou  itains. 
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Figure  2-27.  Formation  of  an  African  Squall  Line  (vertical  cross-section)  (from  Hayward,  1987).  The 
sequence  of  diagrams  from  A  to  E  depict  the  developmcnl  of  an  African  squall  line  south  of  the  surface  Monsoon 
Trough.  Shearing  along  the  ITD  creates  waves  along  tiie  boundary.  The  blocking  phase  can  be  reached  in  the 
presence  of  an  active  MTEJ.  The  easterly  flow  is  forced  to  spread  to  the  north  and  south,  leading  to  the  actual 
thunderstorm  iine-a  norih-soii'h  arc-when  the  mid-level  flow  b.xaks  through  the  ITD  and  reaches  the  surface. 
Westerly  flow  is  forced  aloft,  producing  heavy  rain  and  thunderstorms.  Easterly  flow  drives  the  storms  west. 
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MbSOSCALE  AND  LOCAL  EFFECTS 


LAND/SFA  BREEZE.  Differential  surface  heating 
along  coasts  generates  this  rjiuma)  phcnomencn.  The 
marine  boundary  layer  i-arely  extends  above  3,(XX)  feet 
(915  meters)  AGL  or  beyond  15  NM  inland  unless 
augmertted  by  synoptic  flow;  then  it  may  reach  5,000 
feet  (1 .525  meters)  and  extend  up  to  80  NM  inland.  In 
general,  sea  breeze  penetration  reaches  a  maximudi  by 
mid-aftcmoon.  Nighttime  land-sea  temperature 
differences  arc  normally  smaller;  wima  speeds  are  lower 
and  maximum  offshore  penetration  is  limited  to  5  NM. 
Sea  breezes  average  8-14  knot.s;  land  breezes  average 
4-8  knots.  Two  types  of  land/se£\  breezes  are  found  along 
the  Mediterranean  Coast:  "common"  and  "frontal". 

"Common"  land/sea  breezes  affect  all  coastal  areas  of 
the  Mediterranean  and  Aegean  Seas.  Pigivc  2-28 
illustrates  the  "common"  land/sea  breeze  circulation 
under  calm  conditions  with  no  topographic  influences 
and  a  uniform  coastline.  Onshore  (A)  and  offshore  (B) 
flow  intensifies  in  proportion  to  daily  heat  exchanges 
between  land  and  water.  Common  land/sea  breezes 
normally  reverse  at  dawn  and  dusk. 


Figure  2-28.  The  "Common"  Daytime  Sea  Breeze  (A) 
and  Nighttime  Land  Breeze  (B).  Thick  arrows 
rcpre.scnt  pre.ssure  gradient  and  direction  of  Bow. 


"Frontal"  land/sea  bieezes  are  the  pnxiuct  of  the 
"front"  between  land  and  sea  air  masses.  The  transition 
for  wind  reversal  is  delayed  by  I  to  4  hours  as  gradient 
flow  prevents  the  sea  breeze  boundary  layer  or  "front" 
from  moving  ashore.  Figure  2-29a-f  shows  a  typical 
"frontal"  land/sea  breeze  sequence.  Solid  blocks  denote 
the  land  surface,  while  dashed  lines  represent  water. 
Vertical  lines  show  the  sea  breeze  boundary  layer  and 
arrows  represent  wind  circulation. 


Figure  2-29a,  Gradient  Flow  With  Offshore  Wind 
Component  Slones  Gently  Over  Den.se,  Cooler 
Marine  Boundary  Layer.  Shearing  action  along  the 
"front",  or  iand  sea  air  mass  interface,  compacts  the 
layer.  Gradient  flow  strength  determines  the  magnitude 
of  compacting. 


Figure  2-29b.  Increa.sed  Compacting  Tightens 
Pressure  Gradient  Along  Land-Sea  Interface.  If  the 
gradient  is  weak,  land  surfaces  heat  rapidly.  As  a  result, 
the  surface  pressure  gradient  and  winds  resemble  tho.se  in 
Figure  2-29a. 


Figure  2-29c.  Maximum  Compacting  of  the  Marine 
Boundary  Layer.  At  thi,s  instant,  the  surface  winds 
inside  the  marine  boundary  layer  show  onshore  direction. 
The  marine  layer  surface  flow  may  lake  several  hours  to 
reach  the  coast.  Momentum  accelerates  wind  .speed  with 
lime. 


I 
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stable  conditions.  The  Nafusah  and  Akhdar  Mountains 
of  Libya  are  prime  locations  for  sea-brec7x:  cumulus 
development  regardless  of  the  su^ngth  of  synoptic  How. 


Early  morning  stratus  and  slrattx^untulus  often 
develop  along  the  Libyan  and  Egyptian  coastlines  during 
the  land-sea  breeze  transition  between  0700  and  0900 
Figure  2-29d.  Frontal  Sea  Breeze  Accelerates  LST.  Cool  air  is  produced  through  radiative  cooling  over 

Towards  Shore.  Initial  "frontal"  sea  breezes  may  land.  After  midnight,  the  land  breeze  pushes  the  cottier 

.sustain  20-knot  winds  for  15-45  minutes.  air  over  the  wanner  water,  and  stratus  forms  by 

condensation.  Stratus  and  stratocumulus  .seldom  form 
above  5,000  feet  (1,525  meters)  or  below  2,000  feet  (610 
meters).  When  the  sea  breeze  develops  at  roughly  0800 
LST,  weak  onshore  flow  moves  the  stratus  and 
stratocumulus  over  the  coast.  'The  stratus  averages  500 
feet  (150  meters)  thick  and  quickly  bums  off  over  land 
by  1000  LST. 

Figure  2-29e.  Sea  Breeze  "Front"  Reaches  the  Coast. 

Note  the  increased  depth  of  onshore  flow  in  tlie  marine  MARINE  INVERSIONS  separate  the  marine  boundary 

boundary  layer.  Compare  with  Figure  2- 29c.  layer  from  the  warmer,  drier  air  aloft  over  the 

Mediterranean  coast.  The  marine  layer  normally  extends 
5  to  20  NM  inland,  but  it  can  reach  to  80  NM  inland  if 
supported  by  the  synoptic  flow.  The  marine  boundary 
layer  varies  considerably  in  depth  throughout  the  year. 
This  is  particularly  evident  in  the  relative  humidities 
provided  in  Figures  2-30a-e  for  Mediterranean  coastal 
stations.  The  marine  air  layer  is  cooler,  moisier,  and 
Figure  2-29f.  Land/Sea  Breeze  Mechanism  in  Full  stabler  than  the  interior  air  masses,  particularly  along  the 
Swing.  Offshore  flow  aloft,  onshore  flow  at  surface.  desert  coasts.  The  inversion  is  less  pronounced  during 

summer  at  Izmir,  Turkey,  where  there  is  enough  moisture 
The  synoptic  flow  causes  directional  variations  of  to  produce  clouds,  usually  stratocumulus,  but  dry  air 

10-45  degrees  and  can  increase  or  decrease  wind  speeds,  aloft  prevents  any  significant  vertical  developirent.  In 

With  weak  synoptic  flow,  the  sea  breeze  triggers  shallow  winter,  the  marine  boundary  layer  is  uniform  throughout 

cumulus  along  the  coast  by  late  aftememn.  Shoreline  the  region,  extending  above  5,000  feet  (1,525  meters), 

configuration  and  topography  can  trigger  orographic  The  layer  is  very  shallow  daring  thi  summer  with 

lifting,  cloudiness,  and  precipitation  under  otherwise  subsidence  aloft. 
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Figure  2-30a.  Mean  Monthly  Relative  Humidities  for  Izmir,  Turke.v. 
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Figure  2-30b.  Mean  Monthly  Relative  Humidities  for  Beirut,  Lebanon. 
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Figure  2-30c.  Mean  Monthly  Relative  Humidities  for  Bet  Dagan,  Israel. 
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Figure  2-30d.  Mean  Monthly  Relative  Humidities  for  Matruh,  Egypt. 
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Figure  2-30e.  Mean  Monthly  Relative  Humidities  for  Banghar.iy  Libya.  The  reporting  station  is  2!  NM  inland. 
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MOUNTAIN/VALLKY  WINDS  develop  with  luir 
skies  :iiuJ  light  and  variable  synoptic  flow,  Htey  arc 
coininor.  in  the  Tu.kish  I'aurus  Mountains,  the  Jordan 
Rill  Valley,  the  Nafiisah  and  Akhdor  Mountains  in 
northern  Libya,  the  Tibesti  Mountains  in  northern  Chad, 
and  the  Marralt  Mountains  and  Ethiopian  Highland 
foothills  of  Sudan.  There  are  two  types  of 
terrain -induced  winds;  the  inesoscale  mouiilain/valiey 
wind,  and  die  localized,  microscale  "slope" 
(upslope/downslope)  wind.  The  key  differences  lie  in  tlie 
temporal  and  spatial  scales. 


Mesnscale  Muuntain/Valley  Winds  average  5-12 
knots.  Daytime  valley  winds  (Figure  2-.1la)  arc 
strongest  (10-15  knots)  between  650  anti  l,3(K)  feel 
(200-4(X)  meters)  AGL.  Nighttime  mounlain  winds 
(Figure  2-3 lb)  average  only  3-7  knots  at  the  same  level. 
Deep  valleys  develop  more  nocturnal  cloud  cover  than 
shallow  valleys  because  noctunial  airflow  convergence  is 
stronger.  The  mesoscale-valiey  circulation  has  a 
maximum  vertical  extent  of  6,560  feet  (2,000  meters) 
AGL,  depending  on  valley  depth  and  width,  the  sUength 
of  prevailing  winds  in  the  mid-troposphere,  and  the 
breadth  of  microscale  slope  winds. 
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Microscale  Slope  Winds  develop  along  the  surface 
iHUindiiry  liiyoi  (0  S(K)  Icol/  0-150  meters  AGI,)  of 
■ttouiiuiins  and  liirge  liilts.  Mean  daytime  iipslo|K:  wind 
s|Ke.ds  aie  6-8  knots;  mean  nighttime  downslopc  speeds 
arc  4-6  knots.  These  speeds  are  found  at  elevations  no 
higher  than  130  feet  (40  meters)  AGI,.  l>ownslopc 
mountain  winds  are  strongest  between  November  and 
March,  while  upslope  valley  winds  are  strongest  between 
April  and  October.  Upslope  winds  are  strongest  on 
slo|)es  with  southerly  exposures.  Figures  2-32a-h  (from 
Geiger,  1961)  show  the  life  cycle  of  a  typical 
mounlain/valley  wind  circulation.  The  light  arrows 
represent  microscale  circulation;  the  dark  arrows, 
me.soscale  circulation. 


Figure  2-32c.  MIDDAY.  Sunshine  covers  the  entire 
valley  floor,  and  upslope  flow  feeds  the  valley 
circulation. 


Figure  2~32d.  LATE  AFTERNOON.  East-facing 
slopes  begin  to  cool;  upslope  flow  weakens. 


Figure  2-32a.  SUNRISE.  Sunshine  almost 
immediately  generates  upslope  wind  development,  but 
the  downslope  mountain  wind  persists  as  mesoscale  flow 
ovenides  microscale  flow.  Generally  the  uansition 
between  Figures  2-32a  and  b  occurs  between  0700  and 
1000  LST,  but  local  terrain  determines  how  soon 
sunlight  can  start  the  microscale  upslope  wind,  which  is 
not  fully  developed  until  the  entire  valley  surface  is 
heated  enough  to  stop  the  mesoscale  downslopc 
mountain  wind. 


Figure  2-32b.  MORNING,  Widespread  surface 
heating  continues  to  generate  microscale  upslope  flow, 
cutting  off  any  downslope  mountain  circulation. 


Figure  2-32e.  SUNSET.  Although  microscale 
downslope  wind  components  dominate  the  surface 
boundary  layer,  mesoscale  upslope  valley  flow  retains 
w  ;ak  momentum. 


Figure  2-32r.  EVENING.  Downslope  winds  dominate. 
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Figure  2-32j;.  MIDNKJHT.  Downslope  winds  feed  ihc 
mounlain  circulation. 


s|)ecds  than  if  only  one  wind  sy.slcrn  were  piescni. 

Mountain  inversions  develop  when  cold  air  builds 
up  along  wide  valley  Hoors  where  nighttime  downsloix*. 
wind  convergence  is  weak.  The  cold  air  descends  fiom 
the  slopes,  undercutting  warmer  air  in  the  valley  and 
forming  an  inversion.  Moisture  in  the  inversion  layer 
often  Uaps  smoke,  or  produces  fog  and  thin  stratus. 

MOUNTAIN  WAVES  develop  when  air  at  lower  levels 
is  forced  up  and  over  the  windward  sides  of  ridges; 
turbulence  is  usually  moderate  to  severe.  Mid-  and 
upper-level  troughs  in  the  westerlies  may  produce 
mountain  waves  in  the  ranges  rimming  the 
Mediterranean  Sea,  as  well  as  in  Ihc  Tibesti  Mountains  in 
northern  Chad.  The  Ethiopian  Highland’s  western 
foothills  and  the  Marrah  Mountains  may  pixxlucc 
mountain  wave  tiubulence  during  the  summer  with  an 
MTEJ  pre.sent.  Criteria  for  mountain  wave  formation 
include  sustained  winds  of  15-25  knots  and  flow  within 
30  degrees  of  perpendicular  to  the.  ridge. 


Figure  2-32h.  PRE-DAWN.  Winds  arc  calm  just 
before  surface  heating  begins  at  the  microscale;  the 
mesoscalc  downslope  mountain  circulalJon  retains  its 
momentum.  Microscale  downslope  winds  end  just 
before  sunrise;  upslope  winds  begin  again  at  first  light. 

Orographic  uplift  may  accentuate  mesoscalc 
mountain-valley  convergence  above  6,000-7,0(K)  feet 
(1,830-2,135  meters),  producing  short-lived  convective 
cells.  Mountain  winds  and  land  brcc7,cs  flow  in  the  same 
direction  and  work  together  where  ranges  such  a.s  the 
Akhdar  Mountains  parallel  the  coast.  Valley  winds  and 
sea  breezes  can  also  combine  to  create  higher  wind 


ySTREAMLINES 


Wavelength  amplitude  depends  on  wind  speed  and 
lapse  rate  above  the  ridge.  Light  winds  follow  the 
contour  of  the  ridge  with  little  displacement  above  and 
rapid  damping  beyond.  Stronger  winds  displace  air 
above  the  stable  inversion  layer;  upward  displacement  of 
air  can  reach  the  tropopause.  Downstream,  the  wave 
propagates  an  average  distance  of  SO  times  the  ridge 
height.  Lenticular  clouds  form  in  the  lee  waves.  Rotor 
clouds  form  when  there  is  a  core  of  strong  wind  moving 
over  the  ridge,  but  only  when  the  core  does  not  exceed 
1.5  times  the  ridge  height.  Turbulence  in  rotor  clouds  is 
strongest  due  to  the  sudden  directional  shear.  Figure 
2-33  shows  a  fully  developed  lee  wave  system. 
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Figure  2-33.  Fully  Developed  Lee  Wave  System  (from  Wallace  and  Hobbs,  1977). 
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DUSTSTORMS.  Given  the  right  conditions,  dusLsiorms 
arc  dominant  features  in  and  near  the  deserts  of  the 
region.  Duststorms  carry  suspended  particles  over  long 
distances,  often  reducing  visibility  to  less  than  30  feet 
(10  meters).  Season  of  occurrence,  wind  direction, 
amount  of  particulate  matter,  and  duration  vary  by 
locality.  Large-scale  duststorms  often  persist  for  I  or  2 
days  before  a  frontal  passage  (such  as  with  an  Atlas  or 
Cyprus  Low),  or  with  a  synoptic  scale  squall  line. 
Mesoscale  squall  lines  may  reduce  visibility  to  less  than 
1/2  mile  for  several  minutes  to  an  hour.  Vehicles 
crossing  the  sand  break  through  the  crust  easily;  even 
light  wind.s  can  rai.se  dust.  Sandstorms  differ  from 
duststorms  only  in  the  size  of  the  suspended  particles. 
Sand  is  seldom  raised  to  more  than  3-6  feel  (1-2  meters) 
above  the  ground;  particles  settle  quickly. 

Dust  devils  are  miniature  tornados,  but  their  wind 
speeds  are  not  as  high.  They  are  set  off  by  intense 
summer  heating.  Diameters  range  from  10  to  300  feet 
(3-91  meters).  Dust  devils  move  at  about  10  knots  and 
may  last  for  I  to  5  minutes.  Visibilities  are  near  zero  in 
the  vortex. 

The  origin  and  nature  of  duststorms  depend  upon 
general  synoptic  conditions,  local  surface  conditions,  and 
diumal/seasonal  considerations,  as  shown  below. 

Synoptic  Conditions- 

Active  cold  fronts.  From  November  to  April, 
duststorms  may  develop  with  frontal  passages.  Gusts  of 
I.*)  to  20  knots  are  sufficient  to  lift  dust  and  sand,  but  a 
pressure  gradient  of  6  to  8  inb/100  NM  produces 
widespread  duststorms.  Strong  fronts  can  increase  the 
size  of  the  area  affected  considerably,  extending 
southward  to  include  Chad  and  Sudan. 

Convective  activity.  Convection  produces  local 

downdrafts  that  commonly  reach  30  knots,  while  squall 
lines  organize  over  a  larger  area  to  produce  cloud  bands 
up  to  100  NM  long  and  from  10  to  20  NM  wide. 
Visibilities  can  be  greatly  reduced  within  minutes. 
Convection  associated  with  tlte  Monsoon  Trough  in 
southern  Chad  and  Sudan  frequently  produces  Haboobs 
(which  see). 

Stagnant  Transitory  High  Surface  Pressure.  The 
Saharan  and  Saudi  Arabian  Highs  normally  strengthen 
over  the  subtropics  during  extended  fair  weather  periods 


between  November  and  March.  Only  a  4-  to  6-mb/lOO 
NM  surface  pressure  gradient  is  necessary  to  generate 
dust-laden  surface  winds.  These  highs  can  produce 
severe  and  widespread  duststorm  activity  and  are  the 
most  difficult  to  forecast.  Although  such  situations  are 
easy  to  recognize,  precise  locations  (timing/areal  extent) 
and  severity  are  difficult  to  infer  with  so  little  data 
available.  Stagnant  air  aloft  provides  little  ventilation  to 
remove  the  dust. 

Local  Surface  Conditions- 

Soil  type  and  condition  control  the  amount  of  particulate 
matter  that  can  be  raised  into  'he  atmosphere.  Dry  sand 
or  silt,  for  example,  is  easily  lifted  by  10-15  knot  winds. 
Haze  is  a  persistent  feature  of  the  sandy  deserts.  The  fine 
dust,  sand,  salt,  or  silt  can  be  suspended  for  weeks  and 
travel  hundreds,  even  thousands,  of  miles  from  the 
source.  Harmattan  winds  (which  see)  blow  dust  from  the 
Sahara  into  southern  Chad.  On  rare  occasion,  the 
particles  can  precipitate  back  to  the  surface  as  "mud 
rain."  Strong  frontal  passages  can  reduce  visibilities  to 
near  zero. 

.Seasonal  Considerations- 

Octeber  to  March.  Large  areas  of  dust  haze  develop 
when  there  is  subsidence  aloft  and  a  lack  of  turbulent 
mixing.  Most  duststorms  develop  along  frontal 
boundaries.  Synoptic  scale  winds  of  only  10-15  knots 
can  lower  visibility  below  3  miles  over  1,000  so  WM  for 
up  to  12  hours. 

April  to  September.  Convection  produces  most 
duststorms,  but  late-spring  frontal  systems,  particularly 
Atlas  Lows,  can  also  produce  them.  Local  visibilities 
below  3  miles  occur  in  areas  where  the  soil  is  dry. 

Diurnal  Considerations- 

Daytime.  The  lowest  visibilities  occur  around  09(K) 
LST,  shortly  after  tlie  inversion  breaks  and  turbulent 
surface  mixing  raises  the  dust.  Distant  tree  tops  can  be 
visible  at  this  time,  but  their  bases  are  obscured  by  the 
dust  haze.  Daytime  heating  produces  turbulent  mixing  in 
the  lowest  layers.  Hot,  dry  winds  Uinspoit  dust  aloft  to 
the  base  of  the  large-scale  subsidence  inversion  over  the 
Sahara.  Persistent  dryness  allows  dust  to  reach  10, (XX) 
feet  (3,050  meters)  MSL,  where  it  can  remain  suspended 
lor  days  or  weeks. 
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Nighttime.  Cooler  surface  temperatures  create  stable 
conditions  in  the  surface  layer.  Turbulent  mixing  is 
minimized;  visibilities  improve  during  the  night  and  are 
best  between  2000  and  0600  LST  as  the  temperature 
inversion  produces  light  surface  winds.  The  dust  seules 
beneath  the  inversion  layer  throughout  the  night; 
visibilities  improve  to  4-7  miles. 


SAND  STREETS.  Vast  longitudinal  dune  formations, 
alx)ut  I -1/4  NM  apart,  create  localized  wind  circulations 
in  western  Libya,  Egypt,  and  northern  Chad.  They 
parallel  the  mean  wind  direction.  These  dunes  average 
60  to  160  feet  (20-50  meters)  high  and  330  feet  (1(X) 
meters)  wide.  They  vary  from  1,000  feet  (305  meters)  to 
100  NM  long.  Sand  streets  develop  along  the  dune  crest. 
The  three-dimensional  circulation  pattern  is  shown  in 
Figure  2-34. 


Figure  2-34.  Three>Dimen.sional  View  of  Longitudinal  Vortice.s  in  the  Boundary  Layer  (from  Hanna,  1969). 
Southeast  winds  (dark  arrow)  may  also  develop  roll  vortices,  but  northwest  flow  (light  arrow)  is  more  common.  The 
roll  vortex  diameter  approxima'es  the  thickness  of  the  boundary  layer. 


Figur-^  2-35  shows  a  cross-section  of  airflow  over 
successive  dunes.  For  sand  streets  to  form,  there  should 
be  little  variation  of  wind  direction  with  height,  above 
average  wind  speeds,  unstable  lapse  rales  near  the 
surface,  and  an  inversion  above  the  convective  layer. 
Roll  vortices,  which  parallel  prevaJling  airflow,  converge 


over  dune  crests,  producing  clouds  whenever  enough 
moisture  is  present.  Synoptic-scale  streeiing,  however, 
requires  large  amounts  of  moi.slure  to  produce  low-level 
clouds  and  is  therefore  rare.  Only  spring  or  fall  frontal 
activity  with  rare  surges  of  moist  air  ahead  of  the  cold 
front  produce.s  low-Ievcl  cloud  streets, 


Figure  2-35.  Cross-Sectional  View  of  Dune  and  Cloud  Formation  Mechanism  (firom  Hanna, 
1969).  Cloud  formation  is  unlikely  when  boundary  layer  air  is  exuemcly  dry. 
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WET-BULB  (JLOBE  TEMPERATURE  (WBGT) 
HEAT  STRF^SS  INDEX.  The  WBGT  heal  stress  index 
provides  values  that  can  be  used  to  calculate  the  effects 
of  heat  stress  on  individuals.  WBGT  is  computed  by 
using  the  formula: 

WBGT  =  0.7  WB  +  0.2BG  +  0,  IDB 

where:  WB  =  wet-bulb  temperature 

BG  =  Vernon  black-globe  temperature 
DB  -  dry-bulb  temperature 


A  complete  description  of  the  WBGT  heal  stress 
index  and  the  apparatus  used  to  derive  it  is  given  in 
Appendix  A  of  TB  MED  507,  Prevention,  Treatment  and 
Control  of  Heal  Injury,  July  1980,  published  by  the 
Army,  Navy,  and  Air  Force.  Ihe  physical  activity 
guidelines  shown  in  Figure  2-36  are  based  on  those  used 
by  the  three  services.  Note  that  the  wear  of  body  armor 
or  NBC  gear  adds  10®  F  to  the  WBGT,  and  activity 
should  be  adjusted  accordingly. 

Figures  2-37a-d  give  average  maximum  WBGTs  for 
January,  April,  July,  and  October.  For  more  information, 
see  USAFETAC/TN-90/005,  Wet-Bulb  Globe  Tempera¬ 
ture,  A  Global  Climatology. 


WBGT  {°F) 

WATER 

REQUIREMENT 

WORK/REST 

INTERVAL 

ACTIVITY  RESTRICTIONS 

90-up 

2  quaris/hour 

20/40 

Suspend  all  strenuous  exercise. 

88-90 

I.S-2  quorts/hour 

30/30 

No  heavy  exercise  for  troops  with  less  than  12 
weeks  hot  weather  training. 

85-88 

1-1.5  quarus/hour 

45/1.5 

No  heavy  excrci.se  for  unucciimuicd  troops, 
no  classes  in  sun,  continue  modcrulc  training 

3rd  week. 

82-85 

.5-1  quart/hour 

50/10 

Use  discretion  in  planning  heavy  exercise  for 
unacclimated  personnel. 

75-82 

.5  quart/hour 

50/10 

Caution:  Exucmcly  inten.se  exertion  may  cuu.se 

heat  injury. 


Figure  2  36.  WBGT  Meat  Stress  Index  Activity  Guidelines. 
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AVERAGE  MAXIMUM 
WET-BULB  GLOBE 
TEMPERATURE  INDEX  (°F) 

APRIL 


Figure  2-37b.  Average  IVIaximuin  WBGT-April. 
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AVERAGE  MAXIMUM 
WET-BULB  GLOBE 
TEMPERATURE  INDEX  (^F) 

JULY 


Figure  2-37e.  Average  Maximum  WBGT— July. 


AVERAGE  MAXIMUM 
WET-BULB  GLOBE 
TEMPERATURE  INDEX  (^F) 

OCTOBER 


Figure  2-37d.  Average  Maximum  WBGT-October. 


REGIONAL  WINDS 


Uk-'uI  mclcorologisls  anc!  laymen  commonly  refer  lo 
ccruiin  surface  winds  by  (heir  local  names  raihcr  ihan  by 
(he  synoptic  conditions  causing  them.  These  winds 
prwiuce  moderate  to  severe  duststorms,  low  visibilities, 
and  strong  gusLs  over  portions  of  the  MeditciTa(ie.an  cou.<:t 
and  Northeast  Africa  They  affect  areas  ranging  in  size 
from  .'S(K)  to  I(K),0(X)  sq  NM.  The  following  sections 
describe  the  most  common  local  winds  and  their  cau.ses. 

KHAMSIN.  The  Arabic  word  means  "fifty,"  referring 
to  the  .50  days  after  Coptic  Easter  when  this  hot  and  dry 
.soudierly  wind  occurs.  In  Libya,  the  Khamsin  is  called 
the  "Ghibli."  The  Sharav  and  Sirocco  are  similar 
meteorologically  and  are  discussed  later.  Although  they 
can  occur  anytime  between  February  and  June,  Kham.sins 
arc  most  frequent  during  March  and  April.  Khamsin 
conditions  (hot,  extremely  dry  .southerly  .surface  winds, 
low  visibility,  and  thick  dust)  develop  when  Atlas  Lows 
move  eastward  over  the  dry  Sahara. 


During  intense  Khamsm  conditions,  winds  average 
20-30  knots  ahead  of  the  front  and  L5-30  knots  Iwhind. 
Temperatures  are  normally  20°  F  (1 1°  C)  lower  !x?hind 
the  front,  and  relative  humidities  rise  from  10-15%  to 
2.5-.30%.  Khamsins  last  for  I  to  3  days,  but  siow-oioving 
Atlas  Lows  may  pixxluce  widespread  dust  conditions  that 
pcrsi.st  up  to  todays. 

Khamsin  visibilities  arc  1/4  io  3  miles;  they  vary 
both  diumally  and  .v'a.sonally.  Turbulent  mixing  keeps 
visibilities  low  in  the  daytime.  DusLstorms  restrict 
visibilities  for  5-8  hours,  usually  until  several  hours  after 
sun.set,  when  rapid  cooling  at  the  surface  forms  a 
radiation  inversion  (hat  caps  airborne  dust.  Visibilities 
improve  to  3-6  miles.  Wind  .speeds  of  more  than  30 
knots  prevent  formation  of  the  inversion.  Winter 
Kham.sin  duststorms  arc  less  severe  than  in  the  spring  or 
early  .summer. 


Figure  2-38.  Typical  Low-Pressure  Sy.stem  Track  Creating  Khamsin  Conditions.  "True"  Kham.sin  conditions 
arc  shown  as  hatched  oval-shaped  area. 
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"True"  Khamsin  conditions  occur  within  an 
elongated  oval  urea  located  parallei  to  the  cold  front  (the 
hatched  area  under  the  low  in  Figure  2-38).  Egyptian 
meteorologists  define  a  "true"  Khamsin  as  "any 
low-pressure  system  that  approaches  Cairo,  Egypt,  from 
the  west  or  southwest  producing  13  to  23  knot 
southeasterly  surface  winds."  These  winds  are  always 
hot  and  extremely  dry.  The  northwesterly  flow  behind 
the  front  also  produces  widespread  duststorm  activity; 
this  is  not  a  "true"  Khamsin,  but  locals  will  probably  use 
the  term  to  describe  it  anyway. 


Deep,  slow-moving  Atlas  Lows  moving  eastward 
over  the  central  Sahara  (Figure  2-39)  produce 
"embedded"  Khamsin  conditions.  In  the  hatched  areas, 
there  is  widespread  dust  and  3-  to  6-mrle  visibilities,  but 
soil  conditions  determine  the  actual  sixe  of  the  affected 
area.  Dust  is  normally  less  severe  to  the  north  of  the 
low-pressure  system.  If  the  Atlas  Low  turns 
northeastward  at  30*^  E,  southeasterlies  intensify 
Khamsin  conditions  along  the  Nile  River  Valley  between 
Luxor  and  Wadi  Haifa. 


Figure  2-39.  Kham.sm-Type  Conditions  Associated  With  a  Rare  Eastward-Moving  Atlas 
Low.  Cross-hatched  zone  represents  "true"  Khamsin  conditions;  hatched  areas  denote  widespread 
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SHARA  V.  Iliis  is  a  hot,  dry,  and  dusty  wind  that  occurs 
with  lows  over  the  eastern  Mediterranean  Sea. 
Transition  periods,  primarily  May  and  October,  have  the 
highest  iK'currence  of  Sharavs,  which  seldom  occur  from 
June  to  Septemirer. 


Sharavs  are  not  identified  by  direction-even  though 
they’re  usually  associated  with  east  to  southwest 
winds-but  by  relative  humidity  and  lemfjeraiure  change. 
Specifically,  the  Sharav  is  defined  by  a  temperature 
increase  of  at  least  9°  F  (5°  C)  and  a  relative  humidity 
decrease  ol  at  least  25%  from  the  mean  of  the  previous  5 
days.  Sharav  air  temperatures  often  reach  104°  F  (40° 
C)  and  sometimes  exceed  120°  F  (49°  C).  In  the  Hills  of 
Jude.a,  strong  Sharavs  can  drop  relative  humidity  to 
below  10%. 


Strong  Sharav  conditions  occur  most  commonly 
with  deseit  air  moving  northward  in  the  warm  air  sector 
of  Atlas  Lows  or  stalled  Cyprus  Lows.  Figure  2-40 
shows  the  normal  desert  low  path  that  produces  Sharav 
conditions.  The  most  severe  Sharavs  occur  when  the 
surface  low  moves  due  east  over  the  Sinai  Peninsula, 
then  turns  nortlicust.  If  the  upper-level  trough  slows 
down  and  deepens,  the  low  may  turn  northeast  early 
enough  to  cross  the  eastern  Mediterranean  Sea  and 
prevent  strong  Sharav  conditions  along  the  eastern  coast. 

Other  synoptic  condi.ions  can  produce  Sharav 
winds.  For  example,  a  trough  over  the  Red  Sea  or 
persistent  high-pressure  east  of  Israel  can  advoct  hot,  dry 
de.scrt  air  in  from  the  Arabian  Desert.  Stagnant  high 
pressure  is  the  most  favorable  condition  for  persistent 
Sharav  conditions,  which  can  last  for  2-4  days. 


Figure  2-40.  Active  Strrrm  Track  For  Sharav  Winds.  The  hatched  area  represents 
strong  southerly  How  where  the  most  severe  Sharav  conditions  (x;cur.  The  dtshed 
arrow  depicts  typical  storm  track  movement.  Temperatures  arc  °C. 
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SIROCCO  winds  are  similar  to  Khamsin  and  Sharav 
winds  in  that  they,  too,  are  hot  and  dry  southerly  or 
southeasterly  winds  in  the  warm  sectors  of  advancing 
lows.  Air  from  the  deserts  of  northern  Africa.  Israel,  or 
Syria  is  advected  into  southern  Turkey.  Temperatures 
are  over  100°  F  (38°  C)  and  relative  humidities  drop 
below  30%.  The  strong  southerly  winds  normally 
transport  Saharan  dust  to  6, 000-7, (KK)  feet  (1,830-2,130 
meters). 


Siroccos,  most  common  in  the  spring,  can  develop 
with  Adas,  Genoa,  or  Cyprus  Lows.  The  storm  track 
determines  severity  end  location.  With  a  deep 
upper-level  trough,  the  low  moves  noitheast  over  the 
eastern  Mediterranean  Sea,  as  shown  in  Figure  2-41. 
Southerly  winds  average  15-25  knots  and  persist  for  1  to 
6  hours.  Peak  gusts  are  30  to  45  knots.  After  the  low 
passes,  cold  noithcrly  flow  drops  temperatures  as  much 
as  30°  F  (17°  C);  relative  humidities  can  increase  to  80% 
within  2-3  hours. 


Figure  2-41.  Deep  Trough  Producing  Sirocco  Winds.  Dashed  arrow  depicts  typicai 
storm  track  movement.  Temperatures  arc  °C. 
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HARMAT'I'AN  winds  arc  dry,  dusl-txiaring  winier 
norihcaslerlics.  They  originate  in  the  Sahara  us  outllow 
from  the  Saharan  and  Azores  Highs  and  average  8-12 
knots  over  Africa  during  the  winter.  In  combination  with 
the  dry,  dust-laden  air,  they  prcxlucc  "Harmattan  Ha/c." 
Severe  Harmattun  cpi.sodcs  occur  behind  strong  cold 
fronts  with  winds  reaching  30-45  knots.  Turbulent 
surface  mixing  produces  a  thick  dust  haz.c  that  normally 
reaches  1,(XX)  feet  (305  meters)  AGL,  but  that  can  reach 
10,000- 1 2,(XX)  feet  (3,050-3,660  metcr.s)  MSL  and 
extend  southward  to  5°  N. 

Harmatuin  Haze  can  persist  for  extended  peritnls. 
Dust  that  reaches  the  surface  Monsoon  Trough  is  lifted 
over  it  along  the  ITT)  because  the  dry,  dust-laden  air  is 
warmer  and  less  dense.  Horizontal  visibilities  actually 
increase  south  of  the  Mons(x,'n  Trough  as  the  dust  layer 


is  forced  aloft,  hut  slant-range  visibilities  are  lower. 
Horizontal  visibilities  average.  .T6  miles;  slant-range, 
only  1-3  miles, 

Hannattan  episcnlcs  ttcctir  Ix'hind  intense  cold  Ironls, 
mainly  from  Atlas  Lows,  when  flow  from  the  Saharan 
High  is  northeasterly  at  3045  knots.  Northern  Chad  and 
western  Sudan  experience  three  to  five  strong  Harmattan 
citisrxlcs  from  January  to  May.  Genual  and  eastern 
Sudan  al:;o  sec  Hannattan  winds,  but  less  frequently. 
Severe  diiststorins,  extremely  low  visibility,  and  high 
winds  occur  for  12  to  24  hours.  Figure  2-42  shows  the 
area  affected  by  a  strong  Harmattan  (hatched  area)  in 
relation  to  the  Sahiuan  High  and  the  remnant  of  the  cold 
front  (a  shetu  line).  Figures  2-43a  and  b  show  a 
Hannattan  episode  over  Northeast  Africa. 


Figure  2-42.  Regional  Harmattan.  The  hatched  area  shows  the  location  of  the 
widespread  dust  in  relation  to  the  Saharan  High.  The  solid  line  is  the  shear  line 
extending  from  the  active  froi  atl  system. 
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Figiire  2-43a.  MKTKOSA  T  Imagery  of  Harmattan-Produced  Duststonn  Over  Chad  and  Sudan  (6  March 
1091,  1030Z).  TIic  most  severe  dustslorms  arc  southwest  of  Khartoum,  Sudan,  and  in  west-central  Chad,  The 
cloudines;;  e.xtending  across  .Saudi  Arabia  and  Ethiopia  into  southern  Sudan  is  Ironi  the  cold  Iront/shcar  line  that 
moved  through  earlier.  Satellite  photo  courte.sy  NOAA/NESDIS. 
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Figure  2-43b.  Surface  Data:  Harinattan>F>'oduced  Duslstorm  Over  Northeast  Africa  (6  March  1991, 
1200Z).  Wind  barbs  williout  station  data  are  satellite -derived.  Duslslorms/sandslorms  and  suspended  dust 
are  evident  in  observations  throughout  the  area. 
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The  HABOOB  oi  northern  andceniinl  Sudan  is  a  strong  produce  "walls  of  dust"  and  debris  in  advance  of  the 
wind  with  sandstorms  or  dusisiorms  protJuced  by  storm  cell  and  precipitation.  These  "walls"  may  be 
individual  thunderstorms  or  squall  lines.  The  name  is  .several  hundred  feet  high  and  1-2  NM  across.  Pigiiic 
from  the  Arabic  habb  meaning  "wind."  ConvccUvc  2-44  shows  the  area  in  which  Haboobs  frequently 
downbursts,  micrcjbursts,  and  outflow  boundaries  develop. 


E 

31  33  36 


Figure  2-44.  Source  Region  For  "Haboob”  Development  (from  Hammer,  1970).  Each  dot 
represents  the  initial  development  of  cumulus  clouds  from  July  to  September  of  1964  and  1965. 
Development  usually  begins  between  1000  and  1300L.  Convection  develops  to  the  southeast  and 
west  of  Khartoum  pnmarily  due  to  available  moisture.  The  waic»  system  feeding  into  the  Nile 
River  flows  through  Khartoum  from  die  southeast.  Over  80%  of  al!  Haboobs  at  Khartoum 
approach  the  Nile  River  Valley  from  the  southeast  quadrant. 


Haboobs  occur  mainly  during  the  summer  with  the 
presence  of  the  Monsoon  Trough.  Peak  frequency  is  in 
June,  normally  in  the  afternoon.  These  "walls  of  dust" 
move  rapidly  ahead  of  the  siotm  cell.  Figure  2-8b  is  a 
satellite  view  of  a  Haboob  moving  northeast  from 
Monsoon  Trough  convection.  Spring  and  early  summer 
Haboob  conditions  last  1/2  to  2  hours;  those  generated 
after  mid-June  seldom  persist  for  more  than  15  minutes 
becau.se  the  soil  is  more  moist. 

Weadier  in  a  Haboob  is  severe.  Visibilities  are 
u.sually  less  than  1/8  NM  within  the  "wall  of  dust." 
Winds  average  25  to  50  knots;  a  peak  gust  of  105  knots 


was  recorded  at  Khartoum,  Sudan.  Wind  direction  is 
typically  south  to  southeast  because  Haboobs  are  more 
likely  to  occur  in  the  dry  dust  of  the  Sahara  on  the  north 
side  of  the  Monsoon  Trough  Suspended  dust  from  these 
events  have  been  observed  at  over  15,000  feet  (4,570 
meters).  Normal  thunderstorm  hazards  are  present. 
Rainfall  actually  improves  visibility  as  heavy  rain 
removes  the  dust. 

Lov -level  moisture  is  available  south  of  the 
Monsoon  Trough;  however,  a  northward  surge  in  the 
surface  Monsoon  Trough  is  needed  to  increase  the  700 
mb  moisture,  generally  to  40%  or  greater  to  sustain 
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convcclivo  aclivif.y  and  generate  a  Haboob.  These 
northwanll  surges  are  more  likely  to  occur  in  the  early 
part  of  the  wet  season  as  the  Monsoon  Trough  moves 
into  the  arcii.  Low-lcvcl  moisture  availability, 
orographic  lifting  along  the  Ethiopian  Highlands,  and  the 
MTCJ  all  contribute  to  Haboob  development. 

ETESIAN  winds  are  northerlies  that  occur  from  May 
through  October  and  affect  the  coastlines  of  western  and 
southern  Turkey,  Syria,  and  Israel.  The  Anatolian 
Plateau  Thermal  Trough  and  high  pressure  over  the 
Balkans  combine  to  produce  these  steady  northerly 
winds  that  can  persist  for  5  days.  Etesian  wind  strength 


and  frequency  pctik  in  July  and  August  when  speeds 
occasionally  reach  30  knots.  Speeds  are  normally 
persistent  at  10-15  knots,  but  higher  speed,  result  from 
chiinncling  through  the  islands  near  the  Turkish  coast. 
The  northerly  Etesians  normally  extend  up  to  6,.5(X)  feel 
(1,980  meters)  MSL,  with  peak  winds  around  3,300  feel 
(1,000  meters)  MSL.  Rare  northeasterly  winds  over 
Libya  suggest  that  Etesian  winds  may  occasionally 
penetrate  that  far.  An  Etesian  regime  is  established  after 
a  cold  front  moves  through  to  the  southeast.  Although 
Etesian  winds  nortrially  produce  good  weather,  they 
occasionally  bring  in  clouds  or  produce  duststorms 
where  tltey  cross  a  dry  desert 
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Chapter  3 

THE  TURKISH  COAST 


I'hc  I'urkish  Coast  region  comprises  llic  western  and  sonthern  I'urkish  coasts  below  the  3,28()-r(K>l  t,l,(XX)  meter) 
contour.  The  Mediterranean  and  j<^egcan  Seas  form  its  southern  and  western  boundaries.  After  discussing  the  area’s 
situation  and  relief,  this  chapter  discusses  "general  weather  conditions"  by  season. 


Situation  and  Relief. 
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THE  TURKISH  COAST 


SITUATION  AND  RELIEF 


(;F,()(JRAPHY.  As  shown  in  Figure  3-la,  ihe  Turkish 
Coasl  region  extends  from  the  southern  coast  of  the  Sea 
of  Marmara  south,  then  east  to  the  Turkey/Syria  border. 
It  includes  the  coasts  of  the  Sea  of  Marmara,  the  Aegean 
Sea,  and  the  Mediterranean  Sea  to  the  3,280-foot  (1,000 
meter)  contour.  Its  northern  boundary  runs  from  the 
Dardenelles  along  the  Sea  of  Marmara's  southern  coast 
to  the  town  of  Mudanya.  A  straight  line  joins  the 


boundary  to  the  3,280'root  (1,000-meter)  contour  at 
Bursa.  The  boundary  follows  this  contour  south,  then 
east  to  the  Turkey/Syria  border,  and  thence  along  the 
border  to  the  Mediterranean  coast.  Climatological  data 
summaiies  for  selected  stations  are  provided  by  Figure 
3- lb;  information  for  other  stations  is  available  in 
USAFETAC/DS-89A)35,  Station  Climatic  Summaries, 
Asia. 


Figure  3-la.  The  Turkish  Cua.st.  The  Turkish  Coast  (in  dark  .shading)  extends  from  the  nortliwestem  coast  of 
Tu'.-cy  to  the  Turkey/Syria  border. 
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THE  TURKISH  COAST 


SITUATION  AND  RELIEF 


0.05  IHCaKS  OK  UESS  THAN  0.5  DATA 


Figure  3- lb.  ClimitologirBl  Summaries  for  Selected  Stations  on  the  Turkish  Coast.  The^ 
summaric.s  arc  ba.scd  on  several  references  covering  dirfcrcnl  periods  of  record  from  10  lo  50 
years. 
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THE  TURKISH  COAST 


SITUATION  AND  RELIEF 


/ 


Figure  3*2.  Ta|>o|jir«phical  Features  of  the  Turkish  Coast.  The  shaded  areas  denote  areas 

above  3.28()  feel  (1,000  meters). 


lOPtKiRAPHY.  As  shown  in  Figure  3-2,  the  Aegean 
Sea  and  (he  Sea  of  Marmara  coastal  plains,  which  vary 
from  50  to  175  NM  wide,  comprise  80%  of  the  area. 
Sleep,  elongated  ridges  extend  from  the  Anatolian 
Plateau  westward  to  within  .50  NM  of  the  coast.  Ridges 
average  3,3(X)  feet  1 1  ,(X>5  meters),  but  reach  to  8,0(X)  feet 
(2.440  meters).  Large  river  valleys  (hat  separate  the 
parallel  ridges  average  7  NM  in  width  and  extend  130 
NM  ea.s(  from  the  Aegean  Sea.  The  Mendcres  and  Godiz 
Valleys  arc  the  largest. 

Turkey’s  Mediterranean  coastal  plains  are  extremely 
narrow,  averaging  less  than  4  NM  in  width.  They 
p;uancl  (he  Taurus  Mountains,  which  rise  to  7,000  feet 
(3. 115  meters)  within  17  NM  of  the  coast  The  highest 
IK-aks  reach  I3,0(K)  feet  (3,')60  meters)  near  Adana. 
Several  large  cou.slal  valleys  run  inland  from  the  coast. 
Ihe  Pamphylia  Plain,  about  80  NM  long  and  100  NM 
wide,  surrounds  the  Gulf  of  Antalya.  The  Cicilian  Plain 
extends  130  NM  around  (he  Gulf  of  Iskenderun’s  coast 
and  140  NM  inland.  The  Orontes  River  Valley,  near  (he 
Syrian  border,  extends  43  NM  inliuid  and  stretches  13  to 
1 7  NM  along  the  coast. 

RIVERS  AND  DRAINAGE  SYSTEMS.  Numerous 
permanent  rivers  and  .streams  flow  from  *he  Anatolian 
Plateau’s  lakes,  springs,  and  ponds,  as  weli  as  from  the 


snow-capped  Taurus  Mountains.  The  major  rivers  are 
over  175  NM  long.  They  cut  narrow  valleys  lhat  dissect 
the  mountainous  interior.  Many  smaller  streams  descend 
from  the  mountains  and  form  tributaries  within  (he  major 
systems.  The  (3ediz  and  Menderes  Rivers,  flowing 
westward  into  the  A^ean  Sea,  are  the  most  extensive 
systems.  The  Ispaita  arxl  Kopru  Rivers  run  through  the 
Pamphylia  Plain.  The  Seyhan  and  Ceyhan  Rivers  flow 
through  (he  Cicilian  Plain.  They  all  drain  into  the 
Mediterranean  from  (he  highest  peaks  in  the  Taurus 
Ranges.  The  Orontes  (or  Asi)  River  is  the  only  river  of 
significance  in  the  extreme  southeast 

LAKES  AND  RESERVOIRS.  Most  lakes  and 
reservoirs  are  in  Turkey's  western  .sections.  The  largest, 
Kus  Lake  and  Lake  Ulubat,  have  a  combined  surface  area 
of  over  85  square  miles  and  are  within  13  NM  of  the  Sea 
of  Marmara.  Lake  Seyhan  and  Lake  Ainflc  are  the  only 
major  fresh  water  lakes  along  the  90uthea.<item  coasts. 
The  Gediz,  Adiguzel,  and  Kemer  Reservoirs  are 
man-made  flood  control  waterways  within  the  Gediz  and 
Menderes  river  systems. 

VEGETATION.  Mediterranean  scrub  wid  grasses 
abound.  Citrus  and  cotton  are  the  chief  cash  crops. 
Evergreens,  q)ruce,  and  mountain  shrubs  dominate  on 
(he  moist,  cool  valley .  ^>pes. 
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THE  TURKISH  COAST 

WINTER 


(JF.NKRAL  WEATHER.  Genoa  and  Cyprus  Lows 
affect  the  Turkish  Coast  region  every  3  to  7  days,  causing 
heavy  rainfall,  thunderstorms,  and/or  srtow.  The  Asiatic 
High  causes  northeasterly  flow  into  the  Sea  of  Mtirmara. 
Severely  cold  air  masses  move  south  from  the  Asiatic 
High  once  or  twice  a  winter. 

SKY  COVER,  Nocturnal  stratus  forms  during  fair 
weather  off  the  Aegean  and  Mediterrarwan  coasts.  Ba.scs 
are  .L(XX)  to  5, (XX)  feet  (915  to  1,525  meters)  tops  extend 
to  7, (XX)  feel  (2.135  meters)  MSL.  These  clouds  blow 


Dflicember-February 


inland  with  ihe  sea  breeze  and  form  slratocumulus  along 
seaward-facing  slopes.  Heating  and  orographic  uplift 
further  enhance  cumulus  development  over  ridges  until 
cloud  top.?  reach  13,(X)0  feet  (3,960  meters)  MSL.  The 
stratus  along  the  Sea  of  Marmara  coast  is  lower  due  to 
the  persistent  cold  onshore  flow;  ba.scs  arc  2(X)  to  1  ,(XK) 
feet  (60  to  3(')5  meters),  and  tops  are  4,0(X)  feel  (1.220 
meters)  MSL.  As  shown  in  Figure  3-3,  ceilings  below 
3,(XX)  feet  (915  meters)  occur  most  frequently  near  the 
Sea  of  Marmara,  and  inland  of  the  Aegean  coast. 


Figure  3-3.  Mean  Winter  Frequencies  of  Ceilings  Below  3,000  Feel  (915  meters),  Turkish  Coast. 
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Mean  eioudincss  reaches  its  peak  during  winter, 
mostly  due  to  transitory  lows.  Cloudiness  inland  of  the 
Aegean  coast  and  near  the  Sea  of  Marmara  averages 
t),'!  VV/fi,  while  the  Mediterranean  coast  averages 
.SO-OO^).  l.ows  moving  along  the  southern  Turkish  coa.st 
produce  dense  cloud  cover  about  14  times  each  winter. 
Orographically  lifted  stratus  or  sUatocumulus  hide  thick 
layers  of  mid-  and  upper-level  cloud  cover  from  a 
ground-based  observer.  Bases  are  normally  between 
2,.S()()  and  4,(KK)  feet  (760  and  1,220  meters),  but  may  be 
as  low  as  1,500  feet  (455  meters).  Tops  of  layered  clouds 
extend  to  20,(K)0  feet  (6  kin)  MSL. 

l.ows  moving  into  the  Black  Sea  spread  fewer  clouds 
over  the  region  than  the  lows  that  move  along  the 
southern  Turkish  coast.  Warm  sector  stratocumulus  and 
cold  rrr)nt  ciimulos  arc  the  main  lc)w-lcvel  cloud  types. 
Bases  are  between  .^,(XX)  and  4,(KX)  feet  (915  and  1,220 
meters).  Considerable  mid-  and  high-level  clouds  may 
also  be  present  with  lops  to  I8,(K)0  feet  (5,485  meters) 
M.SL,  With  cither  type  of  low,  ceilings  can  go  below 
500  feet  (150  meters)  with  heavy  precipitation.  Thin 


cirrus  occurs  near  jet  streams  and  Trom  tJiundcrslorm 
blow-off.  Bases  arc  above  18,000  feet  (5,483  meters) 
and  lops  are  as  high  as  40,(X)0  feet  (12  km). 

VISIBILITY.  Fog  is  common  throughout  the  region  in 
winter,  espadally  along  the  Aegean  Tea  and  Sea  of 
Marmara  coasts  where  visibilities  belo'./  3  miles  are  most 
common.  Radiation  fog  forms  in  fair  weather  with  light 
winds  between  0600  and  08(X)  LST,  but  normally 
dissipates  by  1 300  LST.  Sea  fogs  move  inland  with  the 
sc  breeze  or  strong  synoptic  flow,  occasionally  lasting 
for  days  and  extending  well  inland  through  the  mountain 
valleys.  Stratus  obscures  the  higher  ridges. 

Low  visibilities  along  the  Mediterranean  Coast  are 
produced  by  precipitation.  Steady  rain,  drizzle,  or  even 
snow  reduces  visibility  to  below  7  miles;  with  fog,  to 
below  3  miles.  Snow  can  reduce  visibility  to  below  a 
mile.  Heavy  rain  showers  and  thunderstorms  (in  the 
wann  sector  or  with  cold  fronts)  can  lower  visibilities  to 
lielween  2  and  6  miles  for  brief  periods. 


Figure  3-4.  Mean  Winter  Frequencies  of  Visibilitie.s  Beic  w  3  Miles,  Turkish  Coast. 
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Strong  southerly  winds  or  sircKcos  ahead  of  very  deep 
lows  sus|)cnd  large  amounts  of  dust  from  the  Sahara. 
Ttiis  dust  lowers  visibilities  to  less  than  a  mile  about 
once  a  winter.  It  is  common  to  observe  a  reddish  haze 
aloft  at  2(MKX)  lool  (6  kni)  MSI,.  Surface  haze  rarely 
reduces  visibility  to  below  3  miles,  but  it  is  often 
reported  at  Izmir  in  the  3-6  mile  range.  Haze  and  fog  are 
common  there  becau.se  its  fJord-like  inlet  traps  pollution 
and  marine  moisture  under  a  low-level  inversion  with 
high-pressure  stagnation.  Smoke  is  a  rare  .source  of 
obscuration,  but  it  is  observed  most  frequently  along  the 
Sea  of  Marmara  coast  to  an  area  south  of  Balikc.sar; 
visibility  rarely  drops  to  less  than  3  miles. 

WINDS.  The  extensive  river  valleys  and  mountain 
ranges  along  the  Anatolian  Plateau  generate  .strong 
mountain/vallcy  circulations.  These  mountains, 
combined  with  a  very  irregular  coastline,  cause  the  high 


variabilities  in  speed  and  direction  shown  iti  Figure  3-.‘i. 
The  plateaus  are  large-scale  sources  of  cold  air;  they 
provide  valleys  with  cold  air  drainage  throughout  the 
day.  This  is  most  striking  at  Silifke,  where  an  extensive 
valley  system  extending  to  the  northwest  dominates 
winds. 

The  land/sert  breeze  circulation  affects  most  of  the 
coa.st.  Large-scale  outflow  from  the  Asiatic  High 
generates  persistent  northeasterly  surface  tlow  along  the 
Sea  of  Marmara's  .southeastern  coasts.  Northeasterly 
flow  converges  with  westerlies  near  40°  N,  while  the 
northeasterlies  curl  southward  around  the  plateau  and 
into  the  northern  Aegean  Sea.  Mean  speeds  arc  .*)  to  10 
knots;  the  northeasterlies  are  stronger  at  7  to  13  knots. 
The  highest  recorded  wind  speed  (56  knots  from  the 
NNW  at  Antalya)  was  due  to  an  exceptionally  strong 
low. 


Figure  3-5,  January  Surface  Wind  Roses,  Turkish  Coast. 
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Above  8.*)()  mb,  Ihe  prevailing  synoplic  How  is 
westerly  at  /!()  knots.  Figures  l-ba-b  give  tippor-air  wind 
directions  at  three  levels.  Ispartu  is  in  the.  Atlas 
Mountains  just  north  of  the  region  at  fin  elevation  of 
3,270  feel  (997  meters),  .An  8,000-fool  (7.,440- meter) 


ridge  .separates  it  from  the  coast  and  affects  iLs  .'),(XK)-fool 
winds.  Winds  alH)ve  this  Ici'cl  are  probably 
raprcsenialivc  of  the  Mtxlftcrrancan  toast’s 
predominantly  westerly  flow.  Maximum  speeds  of  60 
knots  are  found  around  35,000  feel  (10.5  Ian). 


■I' 


•ii  jL.  ^0^ 


Figure  3-6a.  Mean  Annual  Upper-Air  Wind  Directions,  Isparta,  Turkey. 


Figure  3-6b.  Mean  Annual  Upper-Air  W'ind  Directions,  Izmir,  Turkey. 
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THE  TURKISH  COAST 

WINTER 


rRFCIPITATION.  As  shown  in  Figute  3-7, 
precipitation  is  greatest  in  cisrly  winter;  in  December,  1 1 
inches  (280  inm)  of  rain  falls  along  the  southwest 
Turkish  coast,  which  is  affected  by  both  Genoa  and 
Cyprus  Lows,  Precipitation  amounts  decrease  from  west 
(o  east  along  the  southern  Turkish  coast  as  fewer  Cypres 
lows  penetrate  eastward  into  the  Gulf  of  Iskenderon. 
Mean  precipitation  also  decreases  south  to  north  along 


DecemlMr-Fetoruary 


the  western  Turkish  Coast.  Cypnis  Lows  do  not  affect 
this  area,  and  80%  of  lows  which  do  affect  it  move 
quickly  into  the  Black  Sea,  where  they  bring  rain  for  2 
days  or  less.  Figures  3-8a-b  i.(lusUtite  those  situations 
that  cause  the  heaviest  precipitation.  Lighter 
precipitation  occurs  with  lows  tracking  along  the  North 
African  Coast. 
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Figure  '  7.  |Vle<su  Winter  alonthly  Frecipitalmn,  Turkish  Coast. 
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Figure  3-Sii.  A  Favored  Track  for  Heavy  Precipitation  along  the  Western  Turkish  Coast. 


Figure  3-8b.  A  Favored  Track  for  Heavy  Precipitation  along  the  Southern  Turkish  Coast. 
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THE  TURKISH  COAST 

WINTER 


Decomber-February 


Snow  falls  on  less  than  1  day  a  year  along  the 
Mcclilcrrancan  eoasl.  It  is  more  common  along  the 
Aegean  coast,  where  it  falls  on  5-10  days  a  winter, 
normally  ahtwe  Ihc  3,(KK)"f(X)l  (915-meter)  level.  Snow 
falls  about  1.3  days  a  winter  in  the  plains  and  hills  just 
south  of  the  Sea  of  Marmara. 


Winter  thunderstorms  are  associated  with  cold  fronts, 
most  frequently  along  the  southwest  Turkish  coast, 
which  sees  15  to  20  thunderstorm  days.  The  average 
drops  away  from  this  tirea,  with  9  thunderstorm  days  in 
the  cast  and  3  to  6  days  in  tltc  north.  Tops  do  not 
normally  exceed  40,(KX)  feet  (12  km)  MSL. 


Figure  ,3-9.  Mean  Winter  Thunderstorm  Days,  Turkish  Coast. 
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TEMPERATURE.  Winters  are  mild.  Mean  daily 
highs,  as  sliown  in  Figure  3-10,  are  between  47  and  64° 
F  (8  and  18°  C).  Temperatures  are  lower  near  the  Sea  of 
Mannara.  Record  highs  range  from  69°  F  (21°  C)  at 
Mugla  to  81°  F  (27°  C)  at  Silifke,  along  the 
Mediterranean  coast.  Daily  lows  range  from  33  to  50°  F 
(1  to  10°  C).  When  the  Asiatic  High  is  strong,  bitterly 


cold  air  affecLs  the  region.  Temperatures  are  well  below 
freezing  even  after  air  warms  adiabatically  as  it  descends 
the  Anatolian  Plateau  and  mixes  with  wanner  maritime 
air  from  the  coasL  Examples  are  the  record  lows  of  -8°  F 
(-22°  C)  at  Balikesar,  6°  F  (-14°  C)  at  Antioch  and  26°  F 
(-3°  C)  at  Iskenderun. 


Figure  3-10.  Mean  Winter  Daily  Maximum/Minimum  Temperatures  (F),  Turkish  Coast. 
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THE  TURKISH  COAST 

SPRING 


March-May 


,  (;KNERAL  weather.  As  the  Azores  High 
*  strengthens  and  moves  north,  favored  areas  for 
cyclogcncsis  shift  from  the  Mediterranean  to  the  Atlas 
Mountains  in  North  Africa.  Atlas  Lows,  which  typically 
move  over  the  eastern  Mediterranean  and  into  the  Sea  of 
Mantitira,  bring  drier  ai'  to  the  Turkish  Coast;  wind 
speeds  are  10  to  15  knots  stronger. 

SKY  COVER.  There  is  a  gradual  decrease  in  cloud 
cover  during  the  spring.  March  cloud  cover  patterns  are 
similar  to  winter’s,  but  by  mid-May,  mean  cloudiness 
decrea.ses  by  almost  25%.  As  .shown  in  Figure  3-11, 
northwestern  locations  have  higher  frequencies  of 
ceilings  below  3,000  feet  (915  meters)  because  they  are 
exposed  to  moist  northeasterly  flow  that  produces  stratus. 
Diurnal  stratocumulus  and  cumulus  are  common  during 
fair  weather  periods,  when  bases  are  between  2,500  and 
4,000  feet  (760  and  1,220  meters)  and  less  than  2,000 
feet  (610  meters)  thick.  Stratocumulus  forms  when  cold 
air  drainage  from  the  Anatolian  Plateau  moves  over 
warmer  coastal  waters.  After  sunrise,  the  .sea  breeze 
reverses  the  flow;  the  stratocumulus  moves  inland  and 
develops  into  fair-weather  cumulus.  Orographic  uplift 
produce.,  cumulus  along  the  windward  ridges  of  coastal 


ranges.  Fair-weather  morning  stratus  forms  along  the 
northern  coast;  bases  are  between  4(X)  and  I,0(X)  feet 
(120  and  305  meters)  and  U)ps  are  below  1,500  feet  (450 
meters)  MSL. 

The  cloudiest  days  on  the  Mediterranean  coast  occur 
when  a  March  Genoa  Low  or  an  April-May  Atlas  Low 
moves  through  the  eastern  Mediterranean  basin. 
Multilayered  clouds  form,  with  bases  as  low  as  1,000 
feet  (305  meters)  and  tops  to  45,0(X)  feet  (13.5  km)  MSL. 
Atlas  Lows  that  travel  northeastward  into  the  Black  Sea 
and  the  Soviet  Union  are  relatively  cloud-free.  Cumulus 
and  cumulonimbus,  with  2,5(X)-  to  4,000-foot  (760-  to 
1,220-meter)  ba.ses  and  25,0(X)-foot  (7.5-km)  MSL  tops, 
form  ahead  of  and  along  the  cold  front.  Stratocumulus 
forms  in  the  warm  sector  as  North  African  air  moves 
over  the  Mediterranean  Sea  and  thickens  due  to 
orographic  uplift  along  the  western  Taurus  Mountains. 
Bases  range  from  2,500  to  4,000  feet  (760  to  1,220 
meters);  tops  arc  less  than  6,0(X)  feet  (1,830  meters) 
MSL.  Mid-  and  upper-level  clouds  occur  when  an 
upper-level  trough  imposes  itself  on  the  Atlas  Low. 
Extremely  low  ceilings  (500  feel/lSO  meters)  occur 
during  heavy  showers  and  thunderstorms. 
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Figure  3-11.  Mean  Spring  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters),  Turkish  Coast. 
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THE  TURKISH  COAST 
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VISIBILITY.  The  effects  of  migratory  lows  on  fog  and 
precipitation  intensity  weaken  steadily.  Frequencies  of 
visibilities  belov/  7  miles  decrease:  fog  is  the  primary 
visibility  restriction.  Radiation  fog  forms  between  0500 
and  12(X)  LST  with  light  winds  and  stagnant  high 
pressure;  visibility  is  below  3  miles  if  enough  moisture  is 
present.  Sea  fog  is  possible  in  early  spring,  but  is  less 
frequent  when  sea  surface  temperatures  rise  by  late  May 
Sea  fogs  develop  near  the  Mannara  and  northern  Aegean 
Sea  coasts  and  can  persist  until  the  prevailing  synoptic 
flow  clears  out  the  stagnant  air  mass.  Thick  fog  may 
form  ahead  of  warm  fronts  or  behind  cold  fronts  when 
temperature  changes  are  abrupt  and  the  air  masses  arc 
moist,  but  visibilities  rarely  drop  below  3  miles.  Thin 
stratus  obscures  higher  ridges. 


Du.'Jt,  haze,  and  smoke  are  rare,  but  southerly  fkiw 
(rom  Atla.s  Lows  brings  in  du.si  from  North  Africa  on  I 
or  2  days  each  spring.  Blowing  du.st  from  intense  Atlas 
Lows  may  lower  visibilities  to  le.ss  than  a  mile.  Dust 
aloft  can  remain  suspended  for  several  hours  up  U) 
20, (KK)  feet  (6  km)  MSL,  producing  a  reddish  haze. 
Rainfall  mixing  with  this  haze  causes  "red  rains."  Haz^ 


Precipitation  restricts  visibility  in  spring,  but  less 
rrequei:tly  by  May.  Genoa  or  Atlas  Lows  that  track 
through  the  eastern  Mediterranean  basin  usually  produce 
3-  to  7-mile  visibilities  in  steady  rain  or  drizzle. 
Visibilities  can  go  below  3  miles  if  precipitation 
combines  with  fog.  Rare  spring  snow  squalls  can  reduce 
visibility  to  less  than  a  mile.  Heavy  rain  showers  and 
thunderstorms  along  cold  fronts  or  in  the  sea  breeze 
convergence  can  lower  visibilities  to  3  miles  for  brief 
periods.  Most  visibilities  below  3  miles  occur  along  the 
Sea  of  Marmara  coast  and  inland  from  the  Aegean  coast, 
as  shown  in  Figure  3-12.  Soutliem  Turkey  larely  sees 
visibilities  below  3  miles. 


and  smoke  reduces  visibility  to  3  to  6  miles  only  when 
enhanced  by  local  topography  and  urbanization.  Haze  is 
common  at  Izmir,  on  a  fjord-like  inlet.  Smoke,  which 
accumulates  under  inversions  in  stagnant  air  masses,  is 
common  in  the  industrial  and  agricultural  areas  between 
the  Sea  of  Mannara  and  Balike.sar. 
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Figure  3-12.  Mean  .Spring  Frequencies  of  Visibilities  Below  3  Miles,  Turkish  Coast. 
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WINDS.  Flow  is  consistently  southwesterly  at  5  to  10  Marmara,  where  Asiatic  High  outflow  still  dominates, 
knots  except  on  the  immediate  Sea  of  Marmara  coast.  Figure  3-13  provides  April  surface  wind  rttscs. 
where  winds  are  northeasterly  at  8  to  13  knots.  Winds  are 

sU'ongc.st  in  March  Siroccos,  when  speeds  up  to  55  knots  Itie  springtime  winds  aloft  shown  in  Figure  3-6  shift 
are  possible.  Large-scale  wanning  on  the  Anatolian  to  summer’s  northwesterly  flow  by  May  between  5,000 
Plateau  lessens  ccld  air  drainage  and  mountain  wind  and  20,000  feet  (1,525  and  6,100  meters)  MSL.  Peak 
strength.  Land/sea  and  mountain/valley  breezes  are  speeds  (40  to  50  knots)  are  near  35,(XX)  feet  (10.5  km) 
well-defined  during  spring  except  along  the  Sea  of  MSL. 


Figure  3-13.  April  Surface  Wind  Roses,  Turkish  Coast. 
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PUr.C iPITA'I’ION.  As  ihc  Genoa  Low  slorm  irack 
gradually  migtales  northward,  mean  precipitation 
decreases  aenrss  the  area,  as  shown  in  Figure  3-14. 


Genoa  or  Atlas  Lows  tracking  along  the  Mediterranean 
coast  produce  heavy  rain,  drizr.le,  or  even  snow. 
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Ilic  cnlitc'  rcfsiion  iivt'.rngcs  between  3  ami  1 1  spring 
ihumlcrslorm  clays,  as  shown  in  Figure  3-13.  Thunticr 
sionn  Irciiucncy  inocascs  to  a  ycuily  n.axinnim  in  May 
or  early  June  as  inlenso  suriaec  healing  enhances 
IVonUilly  produced  lhuiKlerslorm.s.  Many  .slaiions  rcccrrcl 


half  or  more  of  their  spring  thunderstorm  days  in  May. 
ITre  strong  winds  from  Atlas  Lows  induce  orographic 
showers  and  thundcrstorins  near  the  Taurus  Mountains. 
Rain  showers  and  ihundciistorms  may  form  along  the 
.sca-|yra'.zc  front. 


Figure  3-15.  Mean  Spring  Thunderstorm  Days,  Turkish  Coast. 


THE  TURKISH  COAST 
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TKMi’KRATURK.  Mean  daily  highs,  given  in  Figure  (einperuliires  may  persist  for  1  to  3  days.  Mean  daily 

3-16.  range  from  .'54  to  81°  F  (12  to  27°  C).  Highest  lows  range  from  the  high  3()’s°  F  (3°  C)  to  the  low  60’s° 

icmperalurxis  (93°  F/34°  C  at  Canakkalc  and  1(W°  F/  F(I6°C).  Temperatures  are  seldom  below  freezing  after 

43”  C  at  Antioch)  tKcur  m  May.  Temperatures  can  rise  mid-April.  Record  lows  include  17°  P  (-8°  C)  at 

suddenly  into  the  9()’s°  F  (32  to  34°  C)  in  late  March  Canakkalc,  34°  F  (1°  C)  at  Anamur,  and  23°  F  (-5°  C)  at 

when  an  Allas  Low  brings  exU'emely  hot  and  dry  Saharan  Adana, 

air  (Sirocco)  into  the  region;  extremely  high 


Figure  3-16.  Mean  Spring  Daily  Maximum/Minimum  Temperalure.s  (F),  'i'urkish  Coast. 


THE  TURKISH  COAST 

SUMMER 


June-August 


(JIKNKRAL  WEATHER.  Weak  cyclonic  activity, 
(liiirnal  convection,  and  the  Etesian  winds  are  now  in 
control.  Although  the  summer  storm  track  is  displacal 
over  northern  Europe,  up|K;r-air  disturbances  icach  the 
Turkish  Coast  on  1  to  2  days  a  month  and  touch  off 
isolated  showers  and  thunderstorms.  Thunderstorm 
activity  is  enhanced  by  strong  daytime  surface  heating 
and  a  well-defined  sea-breeze  circulation.  The  sea  breeze 
supplies  the  moisture  for  orographic  showers  along  the 
Taurus  Mountains.  The  Anatolian  Plateau  Thermal 
Trough  produces  a  persistent  northerly  gradient  flow  (the 
Etesian,  which  see)  in  July  and  August. 

SKY  COVER.  Only  one  weak  low  a  mondt  crosses  the 
region.  Diurnal  cumulus  provides  most  summertime 
cloud  cover.  Mean  summer  cloud  cover  averages  about 
?>{)%  along  the  Marmara  coast  and  in  the  southeast,  but 
less  than  10%  in  the  soutliwest.  Ceilings  below  3,0(X) 
feet  (915  meters)  are  rare  during  summer;  as  shown  in 
Figure  3-17,  they  are  reported  less  than  6%  of  the  time, 
normally  near  sunrise.  Etesian  winds  enhance  the 
stratocumulus  and  fair-weather  cumulus  that  develops 
along  the  Sea  of  Marmara  coast.  Stratocumulus  develops 


from  morning  stratus  with  bases  at  2(K)  to  1,000  feel  (60 
to  305  meters),  and  is  seldom  more  than  300  feel  (90 
meters)  thick.  Tlie  sea  breeze  along  the  southern  coast 
enhances  the  fair-wetilhcr  cumulus  associated  with 
orographic  uplift.  Stratocumulus  and  fair-weather 
cumulus  bases  are  between  3,000  and  4,000  feet  (915  and 
1,220  meters),  but  stratocumulus  bases  may  form  at 
1,500  feet  (455  meters)  along  the  southern  slopes  of  the 
Taurus  Mountains;  tops  go  to  12,000  feel  (3,655  meters) 
MSL. 

Middle  and  high  clouds  form  with  weak  summer 
disturbances  and  jet  streams  that  produce  thin  cirrus  with 
20,000-fool  (6-km)  MSL  bases.  Rare  cold  fronts  and 
upper-level  disturbances  may  produce  frontal  cumulus, 
lowering  cumulus  and  cumulonimbus.  Typically,  cloud 
bases  are  in  the  3,000-  to  6,000-fool  (915-  to 
1,830-meier)  range.  Cumulus  tops  reach  15,000  feel 
(4,570  meters)  MSL,  but  towering  cumulus  and 
cumulonimbus  may  reach  50,000  feet  (15  km)  MSL. 
Cloud  bases  are  near  500  feel  (150  meters)  in  heavy 
downpours. 
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Figure  3-17,  Mlean  Summer  Frequencies  of  Ceilings  Below  3,000  Feel  (915  meters),  Turkish  (.'oast. 
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THE  TURKISH  COAST 
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VISIBILITY.  Visibilities  afler  June  !ve  generally  good,  visibilities,  but  with  June  cyclonic  activity,  heavy 

Figure  3-18  shows  that  summer  visibilities  below  3  miles  precipitation  can  reduce  visibilities  to  between  3  and  7 

arc  rare.  Greatest  low-visibility  frequencies  occur  along  mile.s.  Rain  showers  and  thunderstorms  along  sca-bree7.e 

(he  Sea  of  Marmara  coast  south  to  Balike.sar  and  around  fronts  also  lower  visibilities.  June  migratory  lows  cau.se 

Adana.  Morning  radiation  fog  causes  most  poor  most  visibility  reductions  in  precipitation. 


Figure  3-18.  Mean  Summer  Frequencies  of  Visibilities  Below  3  Miles,  Turkish  Coast. 


Dust,  haze,  and  smoke  are  rare.  Local  microbursts  pcncuatc  southward  to  the  western  Mediterranean  Sea 

from  thunderstorms  or  sea-breeze  gusLs  in  open  beach  coast,  but  the  Taurus  Mountains  block  direct  northerly 

areas  may  transport  dust  or  sand,  but  visibilities  rarely  go  flow  east  of  Antalya.  Tight  surface  piessure  gradients 

below  6  miles.  Rare  June  Atlas  Lows  can  bring  in  North  between  (he  Anatolian  Plateau  Thermal  Trough  and  the 

African  dust.  Haze  and  smoke  rarely  reduce  visibilities  Balkan  High  produced  the  highest  recorded  summer 

to  !e.ss  than  3  miles.  Izmir  is  most  likely  to  report  haze  wind  gusts  (31  knots  from  the  NE  at  Canakkale  and  42 

with  3-  to  6-milc  visibilities  because  of  its  topography,  knots  from  the  NNE  at  Izmir).  The  prevailing  northerlies 

urbanization,  and  large-scale  stagnant  air  problems,  almost  completely  overpower  the  land/sea  brcez.e  west 

Smoke  is  confined  to  the  industrial  and  agricultural  areas  and  north  of  Anatalya,  except  at  Dikili.  At  stations  east 

between  Canakkale  and  Golcuk,  and  soutli  to  Balikesar.  of  Anatalya,  pronounced  land/sea  and  mountain/valley 

circulations  overcome  the  prevailing  north-northwesterly 
WINDS.  Etesian  northerly  surface  flow  at  10  to  15  flow.  Summer  winds  at  Izmir  and  Anatalya,  because  of 

knots  dominates  the  wc.sicm  and  southwestern  Turkish  the  rugged  terrain,  are  almost  the  same  as  in  winter,  but 

Coast  between  mid-July  and  mid  August.  These  winds  speeds  are  less.  See  Figure  3-19. 


THE  TURKISH  COAST 
SUMMER 


June- August 


As  shown  in  Figure  3-6,  summer  winds  aloft  are 
northwesterly  below  20,000  feet  (6  km)  MSL,  backing  to 


westerly  at  higher  levels.  Peak  speeds,  about  60  knots  at 
40,0(X)  feet  (12  km)  MSL,  are  highest  in  the  summer. 
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PRECIPITATION.  Summer  is  the  driest  season.  As 
shown  in  F'igurc  3-20,  precipitation  averages  less  than 
1 .3  inches  (3?  mm)  a  month,  and  many  locations  get  le.ss 


than  0.3  inches  (8  mm)  a  month.  In  July  and  August, 
rainshowers  are  isolated.  The  most  rain  falls  .south  of  the 
Taurus  Mountains  above  1 ,600  feet  (485  meters). 
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Figure  3-20.  Mean  Summer  Monthly  Precipitation,  Turkish  Coast. 
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Figure  3-21  suggests  that,  except  in  protected  areas 
such  as  Izmir,  there  are  between  4  and  7  thunderstorm 
days  a  summer.  Thunderstonn  activity  is  concentrated 
along  the  Taurus  Mountains  and  western  Anatolian 


Plateau  due  to  the  orographic  uplift  of  moist  sea  breezes, 
Alsu,  Etesian  winds  cause  a  thunderstorm  increase  along 
the  Sea  of  Marmara  coast.  Occasionally,  a  vrak 
iip|X‘r-level  disturbanee  triggers  .s(|uall  lines. 


Figure  3-21.  Mean  Summer  Thunderstorm  Days,  Turkish  Coast. 
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TKMPKRATl'RK.  As  shown  by  Figure  3-22, 
southwest  Turkey  is  the  warmest  part  of  the  region 
during  the  summer.  Mean  daily  highs  range  from  81°  F 
(24°  C)  to  94°  F  (34°  C).  Record  highs  exceed  1(X)°  F 
(38°  C)  everywhere,  and  Adana’s  114°  F  (46°  C)  is  the 
region’s  highest  temperature.  Mean  daily  lows  range 


from  53°  F  (12°  C)  to  77°  F  (25°  C).  The  lower  range  of 
the.se  temperatures  is  confined  to  the  Sea  of  Marmara 
coast  where  Etesian  wirtds  moderate  coastal 
temperatures.  Record  lows  are  39°  F  (4°  C)  at  BaHke.sar, 
49°  F  (9°  C)  at  Adana,  and  59°  F  (14°  C)  at  Iskendenin. 


THE  TURKISH  COAST 
FALL 


(JKNFRAL  WKA'I'HKR.  A  large-scale  trough  centered 
over  the  Mediterranean  Sea  IoiTOS  betwa’n  the  A/.orcs 
and  Asiatic  Highs,  and  directs  !aic-rall  cyclonic  storms 
through  die  Mediterranean  basin.  Polar  air  surges,  lieavy 
rains,  and  snow  reach  the  Turkish  Coast  by  late  October. 

SKY  COVF.R.  Mean  cloud  cover  increases  by  about 
W/v  during  the  fall  as  more  lows  (either  Atlas  or  Genoa), 
migrate  through  the  region.  Cyclonic  activity  produces 
multilayered  clouds.  Lows  moving  northeastward 
through  the  Sea  of  Marmara  usually  form  thicker 
cumulus,  towering  cumulus,  and  cumulonimbus  within 
fiO  to  1(X)  NM  of  the  low-pressure  center.  Cloud  bases 
arc  3,(KX)  to  6,(XX)  feet  (915  to  1,830  meters),  with 
towering  cumulus  and  cumulonimbus  tops  reaching 
4.5,000  feet  (13.5  km)  MSL.  Ba.ses  may  lower  to  500 
feet  (150  meters)  in  heavy  showers.  Cirrus  and 
altocumulus  provide  upper  cloud  cover.  Cirrus  is  thin, 
forming  above  18,000  feet  (5,485  meters)  MSL; 
alUKumulus  forms  between  8,(X)0  and  16,(X)0  feet  (2,440 
and  4,875  meters)  MSL.  If  the  low  moves  over  the 


Septetnbor-Novembor 


eastern  Mediterranean  Sea,  these  cloutls  form  up  to  2(X) 
miles  fmm  the  low’s  center.  Ba.ses  arc  usually  lower, 
between  I, (XX)  and  3,0(X)  feet  (305  and  915  meters). 
Tliickcr  clouds  become  more  common  by  November 
with  Adas  Lows.  In  November,  cool  Aegean  and 
Mediterranean  Seas  and  warm  North  African  air 
advection  enhance  these  lows’  warm-front 
.stratocumulus. 

Stralocumulus  is  common  on  Turkey’s  southern  coast. 
Cold  air  drainage  from  the  Anatolian  Plateau  or  coastal 
Taurus  Mountains  flows  offshore  over  the  warmer  water 
between  04(X)  and  0700  LST  and  forms  stratocumulus 
that  moves  onshore  with  the  sea  breeze.  The 
.stratocumulus,  with  bases  between  400  and  1,(XX)  feet 
(120  and  305  meters),  is  lifted  orographically  L,  1100 
LST  until  its  tops  reach  3,000  to  4,000  feet  (915  to  1,220 
meters)  MSL.  Ceilings  below  3,(XX)  feet  (915  meters) 
increase  in  late  fall  in  the  northwestern  corner  of  the 
region  as  lower  stratocumulus  is  advected  onshore.  See 
Figure  3-23. 
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VLSIBILITY.  Fall  visibilities  are  generally  good,  but 
they  go  below  7  miles  slightly  more  frequently  between 
the  end  of  summer  and  October.  The  frequency  of 
visibilities  lielow  ?i  miles  increases  another  10-20%  north 
ol  Mugla  in  November.  Moining  radiation  fog,  the 
primary  fall  visibility  restriction,  often  drops  visibilities 
to  less  than  3  miles.  By  late  October,  increasingly 
intense  frontal  and  migratory  low  precipitation  also 
reduces  visibilities  below  3  miles.  Local  topography  that 
enhances  synoptically-caused  restrictions  is  another 
cau.se  of  visibilities  below  3  miles. 


Warm  fronts  cause  advection  fog  in  November  when 
the  land  surface  is  cold,  especially  on  the  western 
Turkish  Coast  if  the  warm  se<  tor  airmass  is  moist  and 
slow-moving.  Sea  fogs  form  along  the  Sett  of  Marinam 
during  weak  synoptic  How.  Rain  showers  and 
thunderstorms  occurring  with  cyclonic  activity  may 
lower  visibility  to  less  than  a  mile  for  periods  of  less  than 
an  hour.  Visibility  in  steady  rain,  drizzle,  and  snow 
squalls  is  usually  S  to  7  miles,  but  3  miles  when 
combined  with  fog.  Rare  November  snow  squalls  can 
reduce  visibility  to  less  than  a  mile. 


Figure  3-24.  Mean  Fall  Frequencies  of  Visibilities  Below  3  Miles,  Turkish  Coast. 

Dust,  haze,  and  smoke  are  rare.  Atlas  Lows  and 
thunderstorm  gust  fronts  produce  blowing  dust  and  sand 
if  the  winds  are  very  soong  (greater  than  25  knots); 
visibility  can  drop  to  less  than  a  mile.  Haze  forms  with 
lighter  winds.  Dust  persists  at  2(),(XK)  feet  (fi,100  meter) 

MSL  after  a  strong  Adas  Low,  producing  a  reddish  haze. 


Haze  and  smoke  rarely  reduce  visibilities  to  below  3 
miles.  Izmir  consistently  reports  haze  between  3  and  6 
NM  because  local  terrain  traps  industrial  smoke  and 
marine  moisture  between  elevated  ridges.  The  industry 
and  agriculture  between  Canakkale  and  Golcuk  and  then 
south  to  Balike.sar  produces  a  rare  report  of  smoke. 
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WINDS.  The  flow  along  the  weslem  coast  of  Turkey  are  about  5  to  10  knots.  Land/sea  breezes  are  less 

transitions  from  the  summer  Etesians  in  mid-September  pronounced  in  the  fall,  especially  in  the  northwest, 

to  north-northweslsrly  flow  from  the  strengthening  Drainage  winds  from  the  Anatolian  Plateau  and  Atlas 

Asiatic  High,  channeled  by  terrain  into  the  Aegean  Sea.  Mountains  increase  and  channel  down  the  valleys,  as 

This  north-northwesterly  flow  seldom  penetrates  .south  of  shown  by  the  wind  roses  'n  Figure  3-25. 

38°  N  in  the  fall.  The  Taurus  Mountains  shelter  the 

southern  Turkish  Coast  from  this  flow;  synoptic  How  During  the  fall,  winds  aloft  shift  back  to  westerly 
(originating  from  the  Azores  High)  is  southwesterly  in  above  5,000  feet  (1,525  meters)  MSL  as  the  storm  track 

this  area.  The  two  distinct  flow  patterns  meet  between  moves  south  (see  Figure  3-6). 

Bodrtim  and  Silifke.  Wind  speeds  over  the  entire  area 


Figure  3-25.  October  Surface  Wind  Roses,  Turkish  Coast. 
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I’HK'IPITATION.  The  mean  full  prccipiUHkw  iwar  coW  fronts  traveling  northeaslwoid.  These  Ironts 
anKHints  shown  in  Figure  T  26  rellcci  increasing  become  more  frequent  as  fall  progiesses.  Snow  showers 

Novemhci  lytlonK  Ttorm  frequencies.  Lows  tracking  arc  possible  late  in  the  season,  and  contribute  to 

.» (uss  ilh  V  jisiem  MvdiierTancjMi  cause  esiensive  ureas  of  iskendenin’s  and  Antioch’s  high  precipitation  amounts. 
1,1(11  iirrl  (Iri/ric  Ham  showers  ami  thumlcrstonns  occur 


THE  TURKISH  COAST 
FALL 


S»pt«mber-Novetnber 


As  shown  in  l  ignio  ^  21,  ihniuk'isUMni  <lnys  iiKunsi- 
hccuuse  of  increasing  frontal  activity.  Thunderstorm 


la'tgnciuy  diininislics  along  lln  iniiiK'iliiilc  .Sen  ol 
Munnara  coast  due  to  the  ce.ssation  of  the  Htc.siun  wind.s. 


Figure  3-27.  Mean  Fall  Thunderstorm  Days,  Turkish  Coast. 
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I'lCMIM'.RA  riLIkl''.  Maui  daily  liighs  range  from  (>!"  F 
C)  U)  94°  F  (34°  C),  as  shown  in  Figure  3-28.  The 
lowest  tcinperalure.s  are  found  along  the  Sea  of  Marmara 
coast,  Record  highs  are  94°  F  (34°  C)  at  Canakkale  and 
109°  F  (43°  C)  along  the  Meditenanean  coast.  An  Atlas 


l.ow’.s  hot.  dry  winds  cun  pash  uricmtHtn  (empcmliircs 
into  the  100-105°  F  (38-39°  C)  range.  Mean  daily  lows 
range  from  the  mid  40’s°  F  (6-8°  C)  to  the  low  70’s°  F 
(’21-23°  C).  Record  lows  are  13°  F  (-1 1°  C)  at  Akhisar, 
24°  F  (-4°  C)  at  Adana,  and  39°  F  (4°  C)  at  Anamur. 
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Figure  3-28.  Mean  Fall  Daily  Maximum/Minimum  Temperatures  (F),  Turkiah  Coast. 


Chapter  4 


THE  EASTERN  MEDITERRANEAN  COAST 

The  Easlcm  Medilciranean  Coast  rctjion  extends  from  the  Syria/Turkey  border  southward  and  westward  to  the  Suez 
Canal.  It  includes  all  of  Israel  and  Lebanon,  western  Jordan,  small  ptrrtions  of  Syria,  and  Egypt’s  northern  Sinai 
Desert.  After  describing  the  tuea’s  situation  and  relief,  this  chapter  discusses  "genera!  weather  conditions"  by 
season. 
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Figure  4-Ja.  The  Eastern  Mediterranean  Coast.  The  Eastern  Mediterranean  Coast  (enclosed 
by  the  bold  lines)  extends  from  the  Syria/Turkey  border  southward,  then  westward  to  the  Suez 
Canal.  Many  political  ix)rders  are  in  dispute;  some  have  been  omitted  for  clarity. 
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Figure  4-lb.  Climatological  Summaries  for  Selected  Stations  on  the  Eastern  Mediterranean  Coast. 
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Figure  4-lc.  More  Climatological  Summaries  for  Selected  Stations  on  the  Eastern  MedHerranean  Coast. 


4-4 


THE  EASTERN  MEDITERRANEAN  COAST 


SITUATION  AND  RELIEF 


(;K()(;RAPHY.  The  northern  boundary  of  the  Eastern 
Mediterranean  Coast  runs  from  the  Medilcnrancan  Sea 
aloiiH  Ihc  Tiiikey/Syria  border  (o  the  !^,28()-f<K)l 
(l,(KK)  iiietci)  eoiitoui.  Ihc  casicin  IxMindary  iolluws 
this  contour  through  Syria  to  the  Syria/Lebanon  tordcr. 
The  Syrian  border  with  Lebanon  and  Israel  serves  as  the 
boundary  southwards  to  the  1,640-foot  (SOO-meter) 
contour.  The  boundary  tlicn  follows  this  contour 
southward  to  Aqaba  in  southern  Jordan.  The  southern 
boundary  is  a  sdaight  line  from  Aqaba  to  the  .southern 
end  of  the  Suez  Canal,  near  Suez,  Egypt.  The  western 
Ixtundary  is  the  Suez  Canal  and  the  Mediterranean  shore 
north  to  the  Turkish  border.  A  number  of  political 
boundaries  in  this  region  remain  in  dispute  and  are  not 
shown  in  Figure  4- la. 

The  region’s  Syrian  and  Lebanese  coasts  arc  5  to  30 
NM  wide,  with  extensive  coastal  mountain  ranges 
separating  the  harsh  desert  environment  to  the  east  from 
the  maritime  climate  to  the  west.  The  Ansariyeh 
Mountains  of  Syria  average  3,500  feet  (1,065  meters)  but 
some  peaks  reach  5,000  feet  (1,525  meters).  The 
Lebanon  and  Anti-Lebanon  Ranges  of  Lebanon  and 
western  Syria  average  5,(KX)  feet  (1,525  meters)  with 
many  peaks  rising  above  9,0(X)  feet  (2,745  meters).  The 
Biqa  Valley  separating  these  two  ranges  is  between  3  and 
9  NM  wide  and  about  100  NM  long.  The  mountain 
ranges  and  the  Biqa  Valley  comprise  over  70%  of  the 
land  surface  in  the  Syrian/Leb  jiese  part  of  the  area. 

In  the  less  mountainous  southern  portion,  the  Judean 
Hills  extend  along  the  Israeli  coast  into  Jordan.  They  arc 
highest  in  the  south,  reaching  about  3,500  feet  (1,065 
meters)  high.  The  long,  narrow  Jordan  Rift  Valley  lies 
east  of  these  hills  and  forms  the  eastern  border.  It  is  part 
of  a  gigantic  rift  system  running  from  southern  Turkey 
through  the  Red  Sea  to  East  Africa.  Average  elevation 
along  its  175-NM  length  is  300  feet  (90  meters); 
however,  it  drops  to  1 ,292  feet  (393  meters)  below  sea 
level  at  the  Dead  Sea.  It  lies  much  lower  than  the 
surrounding  landscape;  the  valley  walls  are  sleep,  bare, 
and  broken  only  by  gorges  formed  by  wadis  or  seasonal 
water  courses.  A  wide  coastal  plain  extends 
southeastward  in  the  area’s  Egyptian  and  southern  Israeli 
portions;  it  slopes  gently  to  1,M0  feet  (500  meters).  The 
Negev  and  Sinai  Deserts  are  extremely  rugged  plateaus. 
Rocky  stubble,  shallow  canyons  and  dunes  dominate  the 
landscape.  Elevations  average  1,640  feet  (5(X)  meters) 
MSL. 

RIVERS  AND  DRAINAGE  SYSTEMS.  The  Jordan 
and  Litani  Rivers  form  the  most  extensive  drainage 
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basins  in  the  area.  The  Jordan  River  flows  along  the  10 
to  30  NM  wide  Jordan  Rift  Valley  lltwr.  Its  5-  to  12- 
NM  wide  fltKMl  plain  is  the  lowest  on  F^irth,  reaching 
aliiui.sl  1,300  lecl  (305  incicr.N)  Ik'Iow  sea  level.  The 
Jordan  River  Hows  southward  100  NM  from  the  .southern 
Anti-Lebanon  ranges  to  the  Dead  Sea.  The  Litani  River 
runs  southward  along  the  Biqa  Valley’s  length  before 
turning  westward  to  the  Mediterranean  Sea.  Its  average 
elevation  is  3,0(X)  feet  (915  meters)  MSL  and  it’s  78  NM 
long. 

An  abundance  of  wadis,  mosUy  dry  water  courses, 
line  the  Jordan  Rift  Valley  south  of  the  Dead  Sea. 
Large.sl  of  these  is  the  Wadi  Arabs,  extending 
■southeastward  from  within  20  NM  of  the  Dead  Sea  to  the 
Gulf  of  Aqaba. 

The  other  two  significant  drainage  systems  are  the 
Oronies  River  and  the  Kinneret-Negev  Conduit.  The 
latter  is  a  man-made  irrigation  system  extending 
southwestward  from  Lake  Tiberias  to  the  Gaza  Strip  and 
is  used  for  irrigating  the  coastal  plains.  The  Orontes 
River  flows  northeastward  from  the  area’s  northeastern 
comer.  Most  of  its  450-NM  course  is  outside  tlic  region 
in  Syria  and  Turkey. 

LAKES  AND  REvSERVOlRS.  The  Jordan  River 
connects  Lake  Tiberias,  also  known  as  Lake  Kinnerct  or 
the  Sea  of  Galilee,  with  the  Dead  Sea.  l.ake  Tiberias  (6 
by  13  NM)  is  675  feel  (205  meters)  below  sea  level.  The 
Dead  Sea  (the  area’s  largest  waterbody  at  3-9  NM  wide 
by  42  NM  long)  is  1,292  feet  (393  meters)  below  sea 
level.  Numerous  small  freshwater  lakes  dot  the  Lebanon 
and  Anti-Lebanon  Mountains.  Lake  Litani,  the  major 
water  body  along  the  Litani  River,  is  6  NM  long  and  2 
NM  wide.  It  lies  at  3,300  feet  (1,005  meters)  in  the  Biqa 
Valley.  Egypt’s  shallow  Sabkhel  el  BardawiI  is 
separated  from  the  Mediterranean  Sea  by  a  narrow  spit 
with  two  narrow  connecting  channels.  It  extends  40  NM 
along  the  Sinai  Desert’s  coast,  reaching  12  NM  inland  at 
its  widest.  It  is  surrounded  by  extensive  salt  Hats  and  salt 
lakes. 

VEGETATION.  Where  it  exists,  most  vegetation  is 
scrub  and  clumps  of  short  grasses.  Most  cash  crops 
(citrus)  and  grasses  lie  along  the  fertile  coastal  strips  of 
Syria,  Lebanon,  and  northern  Israel.  Isolated  evergreens 
arc  found  above  5,000  feel  (1,525  meters)  in  the 
Lebanese  mountain  ranges.  The  northern  river  valleys 
support  extensive  agriculture,  as  well  as  thickets  of  reeds, 
shrubs,  and  small  trees.  The  only  plants  around  the  Dead 
Sea  are  small,  salt-tolerant  reeds. 
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IHE  EASTERN  MEDITERRANEAN  COAST 
WINTER 


Dec«mber-F«bruary 


(JKNKRAL  WEATHER.  Genoa  and  Cypru.s  Lows 
produce  rainfall,  severe  thunderstorms  with  hail,  and 
even  significant  snowfall  at  elevations  afxrve  5,000  feet 
( 1 ,525  meicrs),  The  rare  Cyprus  Low  with  significant 
cold  air  advcclion  can  lower  the  snow  line  to  5(X)  feet 
(150  meters)  MSL.  Wann  Mediterranean  waters,  which 
average  63°  F  (17°  C),  provide  enough  moisture  for 
heavy  precipitation.  Winter  flow  is  moist;  it  develops  an 
extensive  marine  boundary  layer  that  averages  5,000  feet 
(1,525  meters)  in  thickness, 

SKY  COVER.  Fair-weather  stratus  or  stratocumulus 
(orms  over  warm  coastal  waters  at  night  because  of  the 
land  breeze  between  04(K)  and  0700  LST.  The  sea  breeze 
that  starts  between  0700  and  0900  LST  shifts  the 
developing  clouds  onshore.  'I'hc  resulting  stiatus,  with 
200-  to  l,000-f(X)t  (60-  to  505-meter)  bases,  and 
stratocumulus,  with  1,400-  to  3,500-foot  (425- 
1,065-mcter)  bases,  normally  dissipate  by  1200  LST, 

Occasionally,  fair  weather  cumulus  forms  within  the 
moist  sea  breeze.  The  moisture  and  land  surface  heating 
under  clear  winter  skies  allow  the  cumulus  to  build  past 
I6(X)  LST  with  ba,ses  between  2,5(X)  and  4,0(X)  feet  (760 
and  1,220  meters).  Tops  reach  13,0(X)  feet  (3,960 
meters)  MSL. 

On  the  windward  sides  of  coastal  mountains,  there  is 
increased  low  level  cloud  cover  near  places  like  Beirut. 
Cloud  bases  at  mountain  locations  arc  lower  than  on 
coastlines  and  in  the  Negev  De.sert. 


Genoa  and  Cyprus  fxtws  may  both  track  directly  over 
the  region.  Multilayered  low-  and  mid-level  cloud  cover 
dominates  the  area  near  a  transitory  low.  A  cold  front’s 
cumuliform  clouds  have  bases  between  2,5(X)  and  6,(K)0 
feet  (760  and  1,830  meters);  tops  may  reach  40,000  feet 
(12  km)  MSL.  Ceilings  below  .500  feel  (150  meters) 
occur  with  heavy  showers  or  in  mountains.  Mid- level 
clouds  form  with  ba.ses  between  8,000  and  15,000  feel 
(2,440  and  4,570  meler.s).  Altocumulus  tops  are  below 
18,000  feet  (5,480  meters)  but  altostraius  tops  may  go  to 
30,0(X)  feet  (9.2  krn)  MSL.  Thin  cirrus  with  bases  at  or 
above  18,000  feel  (5,480  meter?)  develops  near  jet 
.streams,  within  migratory  lows,  and  with  thunderstorms. 
Thicker  cirrus  develops  with  lows  and  thunderstorms. 
Thunderstorm  "blow-off  reaches  40,000  feet  (12  km) 
MSL. 

Depending  on  elevation,  ceilings  in  the  northern 
section  are  below  3,'!)00  feet  (915  meters)  11  to  30%  of 
the  time.  Low  ceilings  in  the  Sinai  and  Negev  deserts  are 
rare.  Most  afternoon  low  ceilings  are  caused  by  cumulus 
that  develops  along  seaward-facing  slopes.  Morning  low 
stratus  or  fog  concentrated  along  the  coast  causes  most 
low  ceilings,  but  a  transitory  low  is  another  major  cause. 
Latakia  reports  fewer  low  ceilings  than  other  northern 
coastal  stations;  most  cloud  cover  here  results  in  ceilings 
between  3,000  and  4,000  feel  (915  and  1,220  meters). 
Ceilings  in  this  range  occur  30-40%  of  the  lime  at 
Latakia  because  the  marine  inversion  layer  is  deeper  here 
than  at  stations  farther  south. 
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Figure  4-2.  Mean  Winter  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters),  Eastern 
Mediterranean  Coast. 


THE  EASTERN  MEDITERRANEAN  COAST 

WINTER 


D»cemb0r-F«bru«ry 


VISIlULri  Y.  Morniii};  rudiution  fog  forms  (luring  fair 
wcjillu'i  or  aficr  significant  rainfall,  particularly  in  the 
l  .chadoii  Mountains  and  (lie  Ri(|a  ^  alley.  Raised  dust 
ami  marine  moi.sture  from  the  Gulf  of  Aqaba  and  the  Red 
Sea  cause  dust  haze  in  the  Negev  and  Sinai  Deserts, 
usually  only  rculucing  visibilities  to  about  S  miles. 
Winter  visibilities  are  below  ?i  miles  lcs,s  Ihttn  7%  of  the 
time  except  in  the  Lebanon  and  Anti-Lebanon  Mountains 
where  frequencies  are  around  30%.  See  Figure  4-3. 

Rain  and  drizzle  often  rejduce  visibility  to  below  7 
miles  during  low  pas.sages.  Fog  north  of  a  warm  front, 
combined  with  steady  rain  or  drizzle,  can  reduce 
visibility  to  3  miles.  Elevations  above  2,000  feel  (610 


meters)  get  low  ceilings  and  I-  to  4-milc  visibilities  in 
stratus  and  fog  under  these  conditions.  Rainshowers  and 
thunderstorms  along  a  cold  front  may  lower  visibility  to 
3  miles  with  heavy  downbursts  along  the  coastline. 
Fa.st-moving  fronts  limit  low  visibilities  to  le.ss  than  an 
hour.  Visibilities  in  snow  can  drop  to  near  zero, 
especially  in  tlie  higher  mountains. 

Intense  low-pressure  systems  may  cause  Sirroccos 
that  transport  dust  and  sand  from  the  Sinai  Desert. 
Lowest  visibility  is  in  the  Negev  and  Sinai  Deserts. 
Severe  thunderstorms  and  hail  are  common  with  these 
lows. 
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Figure  4-3.  Mean  Winter  Frequencies  of  Visibilities  Below  3  Miles,  Eastern  Mediterranean  Coast. 
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WINDS.  Prevailing  winter  flow  is  westerly  to 
wcsi-soiithwcslcrly.  Peak  gusts,  associated  with  Genoa 
niul  Cypnis  Lows,  are  near  .V)  knots  and  iisiudly 
westerly.  Daytime  sea  breezes  average  7  knots  at  Beirut 
mid  9  knots  at  Tel  Aviv,  The  winter  sea  breeze  is  active 
between  1200  and  1700  LST.  Stronger  ones  may  push 
inland  to  the  Dead  Sea  by  1400  LST. 


The  l.xbunon  and  Ansariych  Mountains  form  the  sea 
breeze’s  eastern  edge  in  Lebanon  and  Syria,  but  it 
channels  inland  along  the  Litani  River  and  into  the  Bicja 
Valley.  Persistent,  7-knt)t,  northeasterly  winds  drain 
from  the  Jordan  Rift  Valley,  affecting  the  northern  Gulf 
of  Aqaba  and  Elat.  Figure  44  gives  wind  roses  for  the 
area. 


Figure  4-4.  January  Surface  Wind  Roses,  Eastern  Mediterranean  Coast. 


Winds  aloft  are  normally  westerly,  as  shown  in 
Figures  4-5a  and  b.  Bet  Dagan’s  high  mean  speed  (94 


knots  at  42, (KK)  feel/13  km),  indicates  that  this  station  is 
close  to  the  Suboopical  Jet’s  mean  position  in  February. 
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Figure  4-5a.  Upper-level  Annual  Mean  Wind  Direction,  Beirut,  Lebanon. 


Figure  4-5b.  Upper-level  Annual  Mean  Wind  Direction,  Bet  Dagan,  Israel. 
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PRECIPITATION.  The  Eastern  Mediterranean  Coast 
gets  50-70%  of  iii  niean  annual  precipitation  from 
December  to  February.  The  coasts  and  the  Lebanon 
Mountains’  windward  slopes  receive  II  to  37  inches 
(280  to  920  mm)  per  winter  month.  Precipitation 
decreases  eastward,  as  shown  in  Figure  4-6.  The  Jordan 
Rift  Valley  receives  from  I  to  16  inches  (25  to  400  mm), 
decreasing  from  north  to  south.  Most  falls  in  showers. 


but  rain  and  drizzle  are  common  north  of  warm  fronts. 
The  Lebanon  Mountains  and  the  Judean  Hills  produce  a 
rain  shadow  in  the  Biqa  Valley  and  the  Jordan  Rift 
Valley.  An  average  of  14  iow-pressure  systems  penetrate 
the  region  each  winter.  A  rare  .stationary  frontal 
boundary  occasionally  produces  heavy  rain  that  can 
persist  for  5-10  days,  most  often  in  February. 


Figure  4-6.  Mean  Winter  Monthly  Precipitation,  Eastern  Mediterranean  Coast. 
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SiKmi;  (Jc'iMwi  or  Cyprus  Lows  cause  most  of  lire  Rifl  Valley)  averages  only  1.  Hail  is  common  in  winter 
wiiiici  ihuntlcrstorms  shown  in  Figure  4-7  They  occur  thunderstorms;  it  occurs  with  about  25%  of  them.  Hail 
on  I  21  days  a  sc'ason.  Laiakiu,  Syria,  averages  7  larger  than  3/4  inch  (17  mm),  however,  is  extremely  rare, 
ihiindorsiornis  a  winter  month,  but  Jericho  (in  the  Jordan 
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I'igure  4-7.  Mean  Winter  Thunderstorm  Days,  Eastern  Mediterranean  Coast. 
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Signiftcaiit  winter  snowfall  is  normally  confined  to 
the  Lel)anon  Mountains’  higher  elevations  (above  S.fXX) 
fcel/1,525  meters)  MSL.  Depth  rarely  exceeds  12  inches 
(306  mm).  Snowf  all  in  the  Lxbanon  Mountains  averages 
2  to  30  days  a  season  depending  on  elevation  and 
latitude.  Snow  is  rare  at  sea  level,  occurring  about  once 


every  3  to  5  years;  it  meltfi  within  3  hours  and  depths  are 
normally  less  than  2  inches  (SO  mm).  However,  10  to  12 
inches  of  snow  have  fallen  above  1,000-foot  (30S-meter) 
elevations  with  deep,  elated  lows.  Figure  4-8  illustrates 
a  common  S(H>-inb  pattern  for  significuiit  .snowrall. 


Figure  4-8.  An  Example  of  SOO-mb  Flow  Causing  Widespread  Snow  in  the  Eastern 
Mediterranean.  This  example  shows  a  deep  trough  over  Eastern  Europe  and  a  strong  ridge  over 
Western  Europe.  Cold  short  waves  drop  into  the  eastern  Mediterranean  and  reform  in  the  Cyprus 
area.  Severe  winter  thunderstorms  may  develop  with  .small  hail  if  warm,  moist  air  is  present. 
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TKMPERATURR.  Winter  highs  average  54®  F  (12°  C)  with  southeasterly  winds;  they  decrease  with  elevation 
in  the  mountains  and  F  (23°  C)  in  the  Jordan  Rift  fronri  93  to  71°  F  (35  to  21°  C).  Elat  and  Bet  Dagan 
Valloy--sco  Figure  4-9.  The  Lebanon  Mountains'  reach  93°  F  (35°  C).  Mean  lows  range  frttm  33°  F  (2° 

highest  elevations  experience  the  lowest  temperatures;  C)  to  56°  F  (12°  C;  Extreme  lows  result  from  polar 

the  mean  high  at  Al  Arz  (elevation  6,283  fcrl/1,916  surges  out  of  Eastern  Europe  and  range  from  7°  F  (-14° 

meters)  is  35°  F  (2°  C).  Extreme  highs  normally  occur  C)  at  Riyaq  to  36°  F  (2°  C)  at  Sedom. 


Figure  4-9.  Mean  Winter  Daily  Maximum, ^Minimum  Temperatures  (F),  Eastern  Mediterranean  Coast. 
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(JENKRAL  WEATHER.  The  primary  cyclogcnesis 
region  shifts  southward  to  the  Allas  Mountains  in  the 
wcsiem  Sahara.  Stronger  winds,  waimer  temperatures, 
and  less  rainfall  accompany  an  Atlas  Low.  The  Sirocco 
is  common  between  late  March  and  early  May.  Atlas 
Low  activity  peaks  in  April.  Polar  air  may  still  penetrate 
the  eastern  Mediterranean  in  March. 

SKV  COVER.  Mean  spring  cloud  cover  is  similar  to 
winter’s,  although  it  increases  in  the  coastal  dc.scrts 
bccau.se  intense  surface  heating  develops  a  stronger  sea 
breer-e  in  May.  Stratocumulus  (re|Jorted  as  stratus  at 
higher  elevations)  moves  onshore  with  the  sea  breeze  but 
dissipates  before  noon  with  the  increasing  onshore  flow 
and  the  hot,  dry  land.  Bases  range  from  1,400  to  3,200 
feel  (425  to  975  meters);  lops  seldom  exceed  4,000  feet 
( 1 ,220  meters)  MSL.  Higher  elevations  report  ceilings  as 
low  as  400  feet  (120  metes).  Orographic  uplift  sustains 
cumulus  along  the  Lebanon  Mountains.  Frequently, 
walls  of  fair-weather  cumulus  are  observed  east  of  Beirut 
and  Haifa,  causing  the  low-ceiling  frequencies  seen  in 
Figure  4-10.  Bases  arc  usually  2,500  to  4,000  feel  (760 
to  1,220  meters).  Cloud  tops  quickly  dissipate  above 
6,000  feet  (1,830  meters)  MSL  in  drier  air  above  the 
marine  boundary  layer  before  reaching  the  interior.  The 


Anti-I^banon  Mountains  and  the  lee  side  Lebanon 
Mountains  experience  morning  low  cloud  or  fog,  but 
little  fair-weather  cumulus.  Inland  stations  on  the 
plateaus,  such  as  Beersheva,  rarely  observe  extensive  late 
afternoon  cumulus  because  the  sea-breeze  moistiue  and 
land  surface  air  mix  thoroughly.  The  spring  sea  breeze 
off  the  Gulf  of  Aqaba  causes  low  ceilings  in  the  southern 
Negev.  Latakia  seldom  reports  ceilings  below  3,(X)0  feel 
(915  meters)  because  it.«  marine  inversion  layer  is  higher 
than  at  other  stations. 

Lows  entering  the  area  north  of  Latakia  produce  a  tew 
clouds  (mainly  cumulus  and  altocumulus)  along  the  cold 
front.  Bases  range  from  2,5(X)  to  6,(XX)  feet  (760  to 
1,830  meters);  lops  reach  14,0(X)  feet  (4,265  meters) 
MSL.  Accompanying  towering  cumuLis  o.'iii  cumulo¬ 
nimbus  have  similar  bases,  but  tops  reach  20,000  to 
45,000  feel  (6  to  13  5  km)  MSL.  Lows  passing  south  of 
Latakia  produce  multilayered  cloud  decks  as  more  warm 
moistiue  is  adverted  along  the  warm  front  and  the 
Subuopical  Jet  is  present.  These  clouds  extend  from 
2,500  feel  (760  meters)  lo  45,000  feel  (13.5  km)  MSL. 
Ceilings  in  heavy  showers  can  go  much  lower  (near  500 
feel/150  meters),  but  nimbostratus  is  rare. 
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Figure  4-10.  Mean  Spring  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters),  Eastern 
Mediterranean  Coast. 
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VISl  IIFI.it Y.  Visibilities  arc  below  3  miles  less  than 
11%  ol  the  time  throughout  the  region,  as  shown  in 
Figure  4-11.  Low  visibilities  are  most  common  in  tlie 
morning  between  0600  and  0900  LST.  Tliey  vary  from 
2%  during  the  morning  on  the  coast  to  23%  in  mountains 
and  valleys.  Large-scale  precipitation  is  reponsible  for 
most  5-  to  6-mile  visibilities  in  early  spring,  but  fog 
becomes  the  primary  factor  in  late  spring.  Radiation  fog 
forms  from  0700  to  0900  LST  in  stable  aUnospheric 
conditions  in  residual  moisture  left  by  rainfall  ar  during 
the  land/sea  breeze  transition.  In  May,  radiation  fog  is 
common  in  interior  mountain  and  valley  locations  and  on 


the  coast.  Dust  haze  is  common  in  the  Negev  and  Sinai 
deserts,  but  it  seldom  reduces  visibility  to  below  5  miles. 

Atlas  Lows  become  less  frequent  during  late  spring. 
Low  visibility  with  rain,  drizzle,  and  fog  occurs  more 
often  at  northern  stations  because  the  lows  cro.ss  the 
cenu^l  and  northcni  coast.  Southern  stations  get  sea  fog 
and  stratus  in  the  accompanying  warm  air  advection 
ahead  of  the  low.  Su-ong  Siroccos  (which  .see)  bring 
North  African  dust  and  sand  into  the  region.  Visibilities 
are  less  than  3  miles  with  active  frontal  thunderstorms, 
heavy  rain  showers,  and  blowing  dust. 


Figure  4-1 1.  Mean  Spring  Frequencies  of  Visibilities  Below  3  Miles,  Eastern  Mediterranean  Coast. 
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WINDvS.  Prevailing  flow  is  southwesterly  to 
west-southwesterly:  it  reinforces  the  sea  breeze. 

Synoptic-scale  wind  gusts,  commonly  caused  by  Atlas  or 
Cyprus  Lows,  reach  50  knots.  Winds  are  strongest 
along  the  coast  but  weaken  substantially  to  between  15 
and  25  knots  inland.  Surface  wind  roses  are  shown  in 
Figure  4-12. 

Surface  winds  display  well-defined  land/sea  and 
mountain/valley  breezes.  Coastal  sea  breezes  average  7 
knots  south  of  and  9  knots  north  of  Beirut.  Normally,  the 
easterly  land  breeze  is  3  knots  slower  than  the  westerly 
,sca  breeze.  Mountain/valley  winds  are  southwesterly  or 
northeasterly  in  the  Biqa  Valley.  The  Jordan  Rift  Valley 
has  a  unique  mountain/valley  circulation  that  develops  in 


late  April.  Northerly  nocturnal  drainage  winds  average 
1 1  knots,  penetrating  southward  along  the  Jordan  Valley 
to  Elat  where  they  diminish  to  5  knots.  The  Dead  Sea 
generate.s  an  easterly  5  knot  lake  breeze  along  its  western 
edge  by  day;  however,  a  strong  sea  breeze  surges  into 
the  region  from  the  west,  usually  after  1400  LST.  The 
wind  reversal  is  abrupt;  westerlies  may  reach  20  knots 
and  persist  until  1700  LST. 

Mid-level  winds  shift  to  the  northwest  as  the  Azores 
High  and  the  desert  heat  lows  strengthen- -refer  to  Figure 
4-5.  The  shift  is  damped  at  higher  levels.  Mean  wind 
speeds  diminish  as  the  SubU’opical  Jet  moves  north.  By 
May,  highest  speeds  are  60  knots  at  40,000  feet  (12  km) 
MSL. 


Figure  4-12.  April  Surface  Wind  Roses,  Eastern  Mediterranean  Coast. 
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l“Rr.(iPM’ATI()N.  As  ihc  slorm  irack  moves  north  of  Figure  4-14.  Extensive  thunderstorms  form  along  the 
tlic  mat,  lainlall  ilctrciises -see  I’igurc  4-1.1  MtrsI  soiilhern  l-el>iiiK)n  anti  Anti  ld>imt)n  Mtummins.  Heavy 

prccipiuuion  falls  in  showers  and  thundershowers,  morning  dew  adds  I -2  inches  (25-50  mm)  to  mean  spring 

Tftundcrstorm  fre(]uency  decreases  only  slightly  through  precipitadon  totals, 
the  spring  as  Atlas  Low  acUvity  peaks  in  April-sce 


Figure  4-13.  Mean  Spring  Monthly  Precipitation,  Eastern  Mediterranean  Coast. 
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Figure  4-14.  Mean  Spring  Thunder.^turm  Days,  Eastern  Mediterranean  Coast. 
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TKMPERATURE.  Mean  daily  highs,  shown  in  Figure 
4-15,  vary  (rom  61°  F  (16°  C)  lo  79°  F  (26°  C)  in 
March.  Higher  elevations  are  colder;  Al  Arz  (cicvalion 
6,283  fcel/l  ,916  meters)  has  a  mean  March  high  of  39°  F 
(4°  C).  By  May,  highs  range  from  70°  F  (21°  C)  along 
the  coast  to  97°  F  (36°  C)  in  the  southern  Jordan  Rift 
Valley.  Sharav  winds  (which  see-)  produce  drastic 
temperature  increases.  ITte  highest  springtime 


temperatures  range  from  90°  F  (32°  C)  in  the  Lebanon 
Mountains  to  120°  F  (48°  C)  at  Jericho,  Mean  daily 
lows  vary  from  44  to  64°  F  (7  to  18°  C)  along  the  coasts, 
but  tlicy  arc  more  variable  inland,  ranging  from  36°  F 
(2°  C)  at  Al  Arz  to  75°  F  (24°  C)  at  Sedom.  Extreme 
lows  range  from  19°  F  (-7°  C)  at  Riyaq  to  43°  F  (6°  C) 
at  Sedom. 
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Figure  4-15.  Mean  Spring  Daily  Maximum/Minimum  Temperatures  (F),  Eastern  Mediterranean  Coast. 
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(;r,NEKAI.  WEATHER.  The  Azorc.s  High  is  slrongcsl 
in  Ihe  summer:  heat  lows  dominate  Ihc  area.  The  region 
is  dry  all  summer  as  subsidence  caps  the  marine 
boundary  layer  at  2,()00  feet  (610  meters).  Orographic 
uplift  of  sea-breeze  moisture  produces  isolated 
convection,  but  cumulus  is  short-lived  in  the  dry  air  aloft. 
Cyclonic  activity  and  upper-air  di.stiirbances  are 
cxiremely  rare  and  weak,  but  they  may  generate  frontal 
showers  and  isolated  thunderstorms. 

SKY  COVER.  Cloud  cover  is  limited  to  morning 
siralu.s/slratocumulus,  afternoon  cumulus,  and  cirrus; 
summer  transitory  low  activity  is  rare.  .Summer  stratus 
or  stralocumulus  develops  when  air  cooled  by  radiation 
Hows  offshore  at  night  and  forms  a  thin  cloud  cover  over 
the  warm  coastal  waters.  The  sea  breeze  moves  these 
clouds  over  land,  causing  die  morning  low-ceiling 
frequencies  .shown  in  Figure  4-16.  Stratus  bases  are  from 
500  to  1,0(X)  feet  (150  to  .305  meters)  AGL  and 
s:ratocumulus  bases  are  mostly  between  1,4{X)  and  4,000 
feet  (425  and  1,220  meters).  The.se  clouds  may  be  as  low 


as  1(K)  feet  (30  meters)  on  windward  mountain  slopes. 
Tops  range  from  1,000  to  6,000  feet  (305  to  1,830 
meters).  Fair-weather  cumulus,  with  ba.ses  averaging 
3,(XXJ  feet  (915  meters),  forms  when  the  .sea  breeze 
moisture  is  lifted  against  the  coastal  ranges  to  produce 
cloud  lines  that  can  be  10  to  50  NM  long.  The  drier  air 
above  the  marine  inversion  dis.sipates  this  cumulus  by 
15(X)  LST.  Midday  low  ceilings  are  as.sociaied  with 
these  clouds.  Fair-weather  cumulus  rarely  reaches  8,000 
feel  (2,400  meters)  MSL  unle.ss  upper-level  disturbances 
enhance  them,  in  which  case  towering  cumulus  and 
cumulonimbus  reach  25,{XX)  to  50,000  feet  (7.5-15  km) 
MSL  over  the  Lebanon  Mountains.  Clear  .summer  skies 
prevail  over  the  Negev  and  Sinai  Deserts. 

The  rare  upper-level  disturbance  causes  multilayered 
altocumulus  and  cirrus,  with  bases  near  12,000  feel 
(3,660  meters)  and  lops  to  40,000  feet  (12  km)  MSL. 
Cirrus  near  jet  streams  is  less  than  400  feet  (120  rnetens) 
thick  with  bases  near  20,000  feel  (6,100  meters)  MSL; 
thunderstorm  cirrus  can  reach  .50,(XX)  feel  (15  km)  MSL. 
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Figure  4-16.  Mean  Summer  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters),  Eastern 
Mediterranean  Coast. 


THE  EASTERN  MEDITERRANEAN  COAST 

SUMMER 


June-August 


VISEKIIJ’I'Y.  and  lia/.c  arc  ihc  main  cause's  o(  Sinai  Deserts,  preKliicing  aboul  6-mile  visibilities.  Dust 
reduced  summer  visibilities.  Fair  weather  dominates  as  ha/x  at  Ovda  and  Elat  reduces  visibility  to  .1-6  miles, 

the  strong  sea  breeze  penetrates  deep  into  the  interior.  Industrial  smoke  can  lower  visibility  to  about  3  miles 

The  land  breeze  is  wettk;  radiation  fog  forms  with  light  with  extended  periods  of  stagnant  weather  conditions 

or  calm  winds.  Thin,  patchy  ground  fog  lowers  the  (stationary  high  pressure).  Most  industrial  activity  is 

visibility  to  between  3  and  6  miles  about  1  day  in  5  located  near  Tel  Aviv  and  Haifa.  Smoke  and  haze  are 

inland  between  Tripoli  and  Beersheva.  Occasionally,  often  observed  between  0800  and  1100  LST,  but  they  are 

this  produces  the  below  3-mile  visibilities  shown  in  u.sually  dispersed  by  the  sea  breeze. 

Figure  4-17.  Dust  devils  raise  dust  in  the  Negev  and 


I'igure  4-17.  Mean  Summer  Frequencies  of  Visibilities  Below  3  Miles,  F-astern  Mediterranean  C(«sl. 
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WINDS.  Prevailing  flow  aloft  is  northwesterly;  surface 
wind  speeds  decrease  from  23  knots  in  June  to  14  knots 
in  August.  The  large  decrease  is  caused  by  weak 
cyclonic  activity  and  a  stronger  Azores  High.  Peak  wind 
gusts  are  less  than  25  knots,  usually  associated  with  rare 
cyclonic  activity.  Gusts  are  more  likely  to  affect  the 
extreme  north;  both  Latakia,  Syria,  and  Tripoli, 
Lebanon,  have  reported  gusts  above  30  knots.  Figure 
4-18  gives  surface  wind  roses. 


knots  along  the  Jordan  Rift  Valley  from  the  Dead  Sea  to 
Elat.  The  Gulf  of  Aqaba’s  sea  breeze  overrides  this  flow 
between  1200  and  1700  LST  on  its  northern  shore.  The 
Lebanon  Mountains  stop  the  marine  boundary  near  the 
northern  coast,  but  onshore  flow  channels  60  miles  into 
the  Lebanese  interior  along  the  Litani  River  Valley. 
Stations  backed  by  mountains,  such  as  Beirut  and  Haifa, 
have  a  local  nocturnal  drainage  flow  that  accelerates 
offshore  flow. 


The  .sea  breeze  is  well-defined  but  limited  from  the  Winds  veer  to  westerly  at  the  10,000-foot 
surface  to  2,(KX)  feet  (610  meters)  by  the  subsidence  (3,000-meter)  level  in  the  summer,  as  was  shown  in 
inversion.  Sea  breezes  often  penetrate  to  Lake  Tiberias  Figure  4-5.  The  Subtropical  Jet  is  well  north  of  the  area; 
and  the  Dead  Sea.  They  average  10  knots  at  Tripoli.  A  mean  speeds  are  at  a  yearly  low  in  August,  with  a 
delayed  sea-breeze  front  reaches  the  Dead  Sea  around  3(.l-kiiot  maximum. 

1400  LST,  averaging  8  knots.  Winds  are  northerly  at  8 


Figure  4-18.  July  Surface  Wind  Roses,  Eastern  Mediterranean  Coast 
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I'KH  im  A  TION.  .Siiinmcrs  arc  cxircincly  dry  except 
I'M  (lie  laiv  iip|xa  level  disliirhaiiee  or  cyclonic  slorm 
(lull  brings  scaltcnul  raiiishowcrs  and  isolated 
iluindcrsiorms  to  the  highest  elevations.  Summer  rainfall 
is  less  than  0.1  inches  (3  mm)  a  month;  for  that  reason, 
iIh'  usual  piecipitalion  figure  has  been  omitted, 
fbunderstorms  occur  on  less  than  I  day  a  summer 
throughout  the  region. 


ri'.MPKRATURK,  Mean  daily  highs  range  from  82°  F 
(27°  C)  to  104”  F  (4 1  ”  C),  as  shown  in  f•igurc  4  19.  TIk': 
Jordan  Rift  Valley  has  the  highest  mean  daily  highs,  at 
8ft  104”  F  (30-41  ”  C).  Extreme  highs  arc  95”  F  (35°  C) 
at  Tripoli  and  123°  F  (51°  C)  at  Sedom.  Mean  daily 
lows  range  from  5 1  °  F  (10°  C)  to  74°  F  (23°C)  except  in 
the  Jordan  Rift  Valley,  where  temperatures  do  not 
normally  go  below  80°  F  (26°  C).  Lowest  summer 
lempratures  are  in  June,  when  tliey  range  from  37°  F 
(3°  C)  at  Riyaq  to  73°  F  (23°  C)  at  Sedom. 


Figure  4-19.  Mean  Summer  Daily  Maximum/Minimum  Temperatures  f F),  Eastern  Medltet  ranean  Coast. 
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(liKNKRAL  WEATHKR.  The  region  retains  its 
ciiuraclcrislic  dry  summer  weather  until  mid-Octuber. 
The  Azores  High  shifts  southward  by  November.  Genoa 
Low  movement  is  normally  noitheastward  over  northern 
Turkey  and  southern  Europe,  but  a  secondary  storm  track 
crosses  the  area  by  late  fall.  Genoa  Lows  produce  rain 
showers  and  thunderstorms.  Snow  is  possible  above 
.S.tXIO-foot  (1,525-meler)  elevations.  Weak  Row 
concentrates  sea  breeze  moisture  in  the  marine  boundary 
layer  to  below  1,500  feet  (455  meters)  MSL. 

SKY  COVER.  Mean  cloud  cover  increases  with  the 
return  of  cyclonic  activity.  Cloud  cover  with  early  fall 
low  prc.ssurc  systems  Is  confined  to  cold  fronts  and  to 
cumulus  along  the  mountains.  The  cumulus  has 
2,5(K)-6,0(X)  fwt  (760-1,830  meter)  ba.se.s  and  is  8,000 
feet  (2,440  meters)  thick.  Stratus  and  straUKumulus 
Ircqiicntly  develop  in  November  behind  intense  lows. 
Bases  are  between  1,400  and  3,200  feet  (425  and  975 
meters)  and  tops  reach  5,0(X)  feet  (1,525  meters)  MSL. 
Embedded  cumulonimbus,  towering  cumulus,  and  thick 
cirrus  rc.aches  50,000  feel  (15  km).  Altocumulus  and 


allostratus  form  with  bases  between  8,(XX)  and  15,000 
feel  (2,440  and  4,570  meters)  and  tops  to  30,0(X)  feel 
(9,145  meters)  MSL.  Nimbosiratus  forms  when  the  low 
moves  directly  over  the  region;  bases  are  as  low  as  1,000 
feel  (305  meters);  tops  reach  20,000  feet  (6,100  meters) 
MSL. 

Early  morning  suatus/suatocumulus  continues  to  be 
brought  in  by  the  sea  breeze  until  late  October,  but  a 
decrease  in  cloudiness  from  summer  is  reflected  in  the 
low.  incidence  of  early  morning  ceilings  below  3,000 
feel  (915  meters)  shown  in  Figure  4-20  Only  Beirut’s 
low-ceiling  frequency  increases  in  the  fall;  morning 
stratus  persists  there,  enhanced  by  convergence  with 
increasing  drainage  winds  off  the  Lebanon  Mountains. 
Morning  stratus  bases  are  usually  between  200  and  1,000 
feet  (60  and  305  meters);  stratocumulus  bases  develop 
between  1,400  and  3,200  feet  (425  and  975  meters). 
Tops  range  from  2,000  to  5,200  feet  (610  and  1,585 
meters)  MSL.  These  clouds  may  form  100-fool 
(30-meter)  ceilings  along  coastal  hilLsides. 
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VISIBILITY.  Radiation  fog  develops  in  moist  air 
advcclcd  into  the  region  by  the  sea  brec/.e;  the  result  is 
3--  to  6-miie  visibilities  along  llte  coast  and  in  the 
mountain  valleys  between  Tripoli  and  Beersheva. 
Advcclion  logs  <x:eur  along  the  coast,  but  not  in  the 
valleys.  These  fog  types  combine  to  produce  3-maIe 
visibilities  on  30-60%  of  fall  mornings.  Both  bum  off 
rapidly  in  lalc-moming  heating.  Haifa  reports  60%  fog 
frequencies  at  0800  LST  in  tlie  3-  to  6-milc  range.  Only 
Beersheva  reports  visibilities  bebw  3  miles  in  this  fog 
with  any  frequency  (13%).  Radiation  fog  produced  by 
Gulf  of  Aqaba  moisture  «x;casionally  causes  the  low 
morning  visibilities  at  Ovda  indicated  by  Figure  4-21. 


Fall  frequencies  of  visibility  below  3  miles  arc 
identical  to  summer’s  until  November,  when  fog  also 
forms  in  moisture  left  by  heavy  rain  showers  and 
thunderstonns.  Frontal  rain  showers  and  thunderstorms 
may  reduce  visibility  to  less  than  3  miles  for  brief 
periods. 

Coastal  stations  such  as  Tcl  Aviv  and  Haifa  have  the 
most  industrial  smoke  and  haze,  which  lower  visibilities 
to  between  2  and  4  miles  in  September  and  October 
under  stagnant  conditions.  This  is  most  frequent  in  the 
early  morning  before  the  sea  breeze  sets  in.  Smoke  is  a 
more  recent  phenomenon  at  Beirut  due  to  the  city’s  civil 
war;  it  lowers  visibility  to  about  5  miles. 


Figure  4-21.  Mean  Fall  Frequencies  of  Visibilities  Behtw  3  Miles,  Eastern  Mediterranean  Coast. 
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WIN?)S.  Full  prevailing  winds  are  southwesterly  at  9  to 
IS  knot...  The  sea  breeze  is  well-defined  near  shore,  but 
it  can  move  inland  beyond  25  rJM  over  Hat  terrain. 
Mountains  liiglicr  than  2,(KX)  lecM  (bit)  meters)  block  it 
entirely  Iroin  the  northern  interior.  The  sea  breeze  is 
between  5  and  9  knots  at  all  coastal  sites  and  between  3 
and  6  knots  at  interior  locations.  Land  breezes,  normally 
less  than  5  kiiots,  are  enhanced  at  coastal  stations  backed 
by  mountains.  Cooler  air  in  the  coastal  mountains 


increases  northern  stations’  nocturnal  drainage  How. 
Cyclonic  activity  produces  the  highest  wind  speeds.  All 
gusts  above  30  knots  occur  in  November,  with  Tripoli 
(W.SW  at  54  knots)  and  Beirut  (S  at  41  knots)  recording 
the  highest  wind  speeds  in  the  region.  Figure  4-22  gives 
.surface  wind  roses  for  selected  stations.  Winds  aloft 
back  to  westerly,  as  was  shown  in  Figure  4-5.  Speeds 
increase  to  70  knots  at  42,000  feet  (13  km)  by 
November. 


4-30 


Sept«mb«r~November 


ThE  EASTERN  MEDITERRANEAN  COAST 

FALL 


PRECIPITATION.  September  rainfall  is  scarce,  as  fall  from  less  than  0.6  inch  (15  mm)  in  September  U)  2-5 

shown  in  Figure  4  23.  The  prevailing  southwesterly  inches  (50-125  mm)  in  November  along  the  coa.sL 

How  is  very  dry,  and  the  .storm  track  is  north  of  the 

region.  Rainlull  incrca.scs  in  late  (October  along  the  Fall  thunderstorm  frc(jucncic.s  incrciisc  in  tlic  north, 
northern  coast  as  Genoa  Lows  begin  to  affect  the  region.  Windward  mountain  slopes  get  more  than  six 

ITie  Lebanon  Mountains  produce  a  rain  shadow  effect  to  thunderstorms  a  season 
their  ,\toithea.st.  Rainfall  amount  increase  through  the 


Figure  4-23.  Mean  Fall  Monthly  Precipitation,  Eastern  Mediterranean  Coast. 
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Figure  4-24.  Mean  FalP  Thunderstorm  Days,  Eastern  Mediterranean  Coast. 
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FALL 
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TKMPKRATllRK.  Mean  daily  highs  range  from  74°  F 
lo  88°  F  (23°  C  lo  31°  C)  along  Ihc  coast.  They  arc 
alx)ul  15°  F  (8°  C)  lower  in  the  mountains  above  2,<XX) 
feet  (1,5(X)  meters)  and  reach  51°  F  (10°  C)  at  A1  Arz 
(6,283  feel/ 1,9 16  meters  in  elevation). 

Temperatures  are  highest  in  the  Jordan  Rift  Valley. 
The  record  high  temperature  at  Marj  Uyan  (at  2,516 
leel/767  meters)  is  93°  F  (34°  C)  and  1 17°  F  (47°  C)  at 


Jericho.  Mean  daily  lows  range  from  41°  F  (4°  C)  lo 
81°  F  (27°  C).  Lows  on  the  immediate  coastline  arc 
between  50  and  70°  F  (10  and  21°  C). 

Sub-freezing  temperatures  only  occur  above  5,000 
feet  (1,525  meters).  The  area’s  record  low  temperatures 
include  25°  F  (-4°  C)  at  Riyaq  and  52°  F  (11°  C)  at 
Sedom.  Figure  4-25  gives  mean  temperature  data  for  the 
area. 


Figure  4-25.  Mean  Fall  Daily  Maximum/MInlmum  Temperatures  (F),  Eastern  Mediterranean  Coast. 
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Chapter  5 

NORTH  AFRICAN  COAST 

I'hc  North  Alrican  Coast  comprises  the  coastal  Tringes  of  Egypt  and  Libya  west  of  the  Suez  Canal.  It  includes  most 
of  iho  Akhdar  Mountains  and  the  northern  slopes  of  the  Nafusah  Mountains.  After  describing  the  area's  situation 
and  rcliel,  this  chapter  discus.scs  "general  weather  conditions"  by  season. 
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Figure  5-la.  The  North  African  Coast.  This  region  includes  the  flu,  sandy  plain  that  stretches  for  1,1(K)  NM 
along  the  southern  Mediterranean  Sea  coast  from  the  Libyan-Tunisian  border  eastward  to  tlie  northern  Sinai 
Peninsula  and  the  Suez  Canal.  The  spelling  of  place-names  here  varies  widely.  DMAAC  spelling,  transliterated 
from  the  Arabic,  is  used  except  for  well-known  places  like  Cairo  and  the  Gulf  of  Sidra;  in  such  cases,  both  spellings 
are  given.  The  shaded  rectangle  defines  the  area  described  by  Figure  5-2. 
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Figure  5-1  h.  Climatological  Summaries  for  Selected  Stations  on  the  North  African  Coast. 
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*  a  U88  mH  0.05  XMCBIS  OB  UtSS  TUAN  0.5 
Figure  5-lc.  More  Climatological  Summaries  for  Sekxted  Stations  on  the  North  Africap  Coast. 
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Figure  5-ld.  Still  More  Climatological  Summaries  for  Selected  Stations  on  the  North  African  Coast. 
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(JKO(iRAPHY.  The  eastern  border  of  the  North 
African  Coast  runs  from  Pori  Said  south  along  the  Suez 
Canal  to  the  northern  lip  of  the  Gulf  of  Suez,  then  west  to 
the  Nile  River  south  of  Cairo.  It  then  follows  (he  Nile 
Hood  plain  north  to  a  point  just  south  of  Alexandria. 
Continuing  west,  the  rest  of  the  region  is  made  up  of  the 
narrow  coastal  plain  from  Alexandria  along  the  Akhdar 
Mountains’  southern  slopes,  along  the  Gulf  of  Sidra,  and 
along  the  Nafusah  Mountains'  northern  slopes  to  the 
Tunisia  bc-der. 

This  region’s  width  varies  from  5  to  130  NM.  It  is 
widest  on  both  ends  and  narrowest  between  the  Gulf  of 
Sidra  and  the  Akhdar  Mountains.  Except  in  the  Akhdar 
and  Nafusah  Mountains,  elevations  are  below  660  feel 
(200  meters)  MSL. 

Flat  coastal  plains  with  .sandy  or  rocky  soils  make  up 
8.*)%  of  this  region.  Although  much  of  the  Sahara  is 
rocky,  there  are  extensive  sand  dunes  in  the  Libyan  and 
Sinai  Deserts.  There  are  also  isolated  salt  marshes  and 
tidal  lagoons.  The  Nile  Delta  is  arid  even  though  the 
Nile  and  its  many  branches  flow  through  it. 


line  Nafusah  and  .Akhdar  Mountains  interrupt  the 
gently  sloping  coastal  plains.  They  average  2,(KX)  feel 
(610  meters)  MSL,  with  several  peaks  above  3,000  feet 
(915  meters)  MSL.  The  Nafusah  Mountains  parallel  the 
coast  about  70  to  90  NM  inland.  The  Akhdar  Mountains 
hug  the  coastline  along  the  northeastern  Gulf  of  Sidra 
coast. 

DRAINAGE  AND  RIVER  SYSTEMS.  The  River 
Nile,  the  region’s  only  permanent  drainage  basin,  is  one 
of  the  world’s  largest.  Figure  5-2  is  an  expanded  view  of 
the  Nile  Delta,  which  extends  85  NM  inland  and  130  NM 
along  the  coast.  It  contains  hundreds  of  meandering 
streams  and  canals.  The  Nile  splits  into  two 
branches-lhe  Damietta  on  the  east  and  ihe  Rosetut  on  the 
west- 17  NM  north  of  Cairo.  These  rivers  arc  lined  with 
salt  marshes  and  small  lakes  formed  during  seasonal 
flooding. 

Many  semipermanent  streams  (wadis)  dissect  the 
Nafusah  and  Akhdar  Mountains.  These  wide  but  shallow 
stream  beds  reach  the  Mediterranean  Sea  only  during  the 
winter.  The  Suez  Canal  is  a  man-made  waterway  linking 
the  Red  and  Mediterranean  Seas. 
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Figure  5-2.  The  Nile  Delta,  SEiowing  Primary  Rivers,  Lakes,  and  Cities. 
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LAKKS  AND  REtSKRVOIRS.  The  only  lakes  and  VEGETATION.  The  deserts  are  mostly  barren,  but 
reservoirs  in  the  region  are  in  the  Nile  Della  or  along  the  short  scrub  grows  in  protected  areas  where  water  is 
Sue?,  Canal.  Many  are  seasonally  flooded.  The  Great  available.  Irrigation  in  the  Nile  Delta  allows  cultivation 
Biller  Lake  was  created  during  construction  of  the  canal.  of  palms  and  citrus.  Isolated  open  woodland,  evergreen, 

and  scrub  vegetation  are  found  in  the  Nafusah  and 
Akhdnr  Mouniains. 


THE  NORTH  AFRICAN  COAST 

WINTER 


r>«cMnlMir>F»l3r  iary 


(iKNRRAL  WEATHER.  Although  moderate  frontal 
showers  and  thunderstorms  occur  with  stronger  cold 
fronts,  many  only  produce  drizzle  and  light  rain.  Moist 
northwesterly  How  from  the  Azores  High,  a.ssisied  by 
up{icr-lcvcl  jets,  steer  low-piessure  troughs  through  the 
region  rcgulaiiy. 

SKY  COVER.  The  combination  of  morning  stratus  or 
siruiocumulus  and  the  effects  of  transitory  low-iressurc 
systems  make  winter  the  cloudiest  season.  .Mommg 
sirulus/stratocumulus  forms  over  Uie  water  during  fair 
weather  when  the  nocturnal  land  breeze  pushes  air  cooled 
by  radiation  over  warmer  coastal  waters.  The  sea  breeze 
sets  up  at  suirnsc  and  pushes  the  clouds  onshore.  The 
amount  of  stratu.s/stratocumulus  at  a  given  location  is  a 
lunction  of  iLs  proximity  to  the  coast  and  mountair^tus 
terrain.  Morning  stratus/stratocumuius  bases  are  about 
2,.‘)(K)  (cct  (76<l  meters),  but  below  500  feet  (1.50  meters) 
in  die  mountains.  These  clouds  cause  some  of  the  low 
morning  ceilings  shown  in  Figure  5-3.  Tops  are 
tiormally  below  6,000  feet  (1,830  meters)  MSL.  Clouds 
bum  off  within  2  hours  aflci  sunrise  in  the  warmer  air. 
Morning  stratus  (bases  at  700-1, 1(X)  feel/215-335  meters) 
b  rms  in  the  Nile  Della  frem  the  moisture  trapped  under 
a  mKtumal  radiation  inversion. 


Cumulus  forms  a»  midday;  bases  are  normally  4, (XX) 
feet  (1,225  meters)  but  t<ui  be  as  low  as  2,5(X)  feet  (760 
meters).  Tops  arc  nonnally  bfdow  7, (XX)  feet  (2,135 
meters)  MSI...  Most  non-frontal  afternoon  cc;i!ing.s  below 
3,0(X)  tcet  (9!  5  meters)  arc  caused  by  tins  cumuiu!;. 

The  effects  of  transitory'  low:;  dcpciid  on  die  system’s 
origin.  Mediterranean  systems  f  such  as  Oe^’oa  Lows)  arc 
cloudier  than  North  African  systems  (such  a.s  Atlas 
Lows)  because  of  their  overwater  trajtxtorics.  Genoa 
Lows  tracking  along  this  coast  cause  the  most  extcn.sivo 
cloud  rover,  with  multilayered  decks  from  4,(X)0  (eel 
(1,2.20  meters)  a.id  lops  ir>  20,(X)0  feet  (6  km)  MSL. 
Embedded  cumolifetm  clouds  can  ertend  to  40, (XX)  feel 
(12  km)  MSL.  Cloud  bases  may  lower  lo  500  feet  (150 
meters)  during  heavy  shov'ers. 

So'jtlMo-southwest  winds  altead  of  aii  Atlas  Low 
passing  through  the  Gulf  of  Sidr.i  force  moisture  over  the 
Akhdar  Mounuiins  and  increoise  cloudiness  on  tlie 
we.stem  slopes.  On  rare  occasions.  Atlas  lows  Uavel 
eastwriird  south  of  the  region.  Skies  arc  almost  cloudless 
with  these  tows  except  on  the  Akhdar  Mountains’  eastern 
slopes,  where  enough  moisture  fre.n  the  sea  is  present  for 
cumulus  to  form. 
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VISIBILTI'Y.  Winter  visibilili'js  arc  usually  above  3 
miles  thremghoul  tin;  region,  but  they  arc  below  3  miles 
1-7%  ol  the  time  along  the  coast  (in  the  marine  boundary 
layer)  and  6-13%  of  the  time  inland.  Figure  5-4  shows 
that  low  visibilities  arc  more  common  in  the  cast  and  in 
the  mountains.  Dust  is  often  raised  with  10-15  knot 
winds;  the  amount  raised  and  particle  sizes  vary  with 
wind  .speed,  atmospheric  stability,  and  local  ground  type 
and  moisture  content.  Dust  and  haz.c  combine  at  some 
inland  locations  such  as  Cairo  and  Adjabiyah.  Although 
dust  haze  normally  only  lowers  visibilities  to  5-6  miles, 
they  can  go  below  3  mile.s.  Low  visibility  is  less  of  a 
pro' icm  west  and  north  of  the  Akhdar  Mountains  where 
winds  arc  more  westerly  than  southwesterly  and  carry 
less  dust. 


Morning  fog  forms  along  the  Nile  Delta’s  rivers  and 
canals,  along  the  coast,  and  near  lagoons.  Heavy  frontal 
ruin  showers  and  Ihunderslomis  restrict  visibilities  to  1-3 
miles.  Morning  stratus  often  obscures  higher 
.seaward-facing  slopes  In  the  Akhdar  and  Nafusah 
Mountains,  causing  1-3  mile  visibilities.  Daytime 
heating  lifts  these  fogs  inU)  thin  stratocumulus  or 
cumulus  decks  by  late  morning. 

Sand  and  dust  carried  by  winds  over  25  knots  near 
transitory  lows  and  around  their  trailing  cold  fronts  (.'an 
drop  visibilities  below  1  mile  for  1-6  hours.  These 
duststorms  often  lift  dust  to  20,0(X)  feet  (6  km)  MSL. 
The  Akhdar  Mountains  shelter  areas  to  the  north  from 
southerly,  dust-laden  winds.  Transitory  lows  also  cause 
heavy  rain  showers  and  thunderstorms  that  may  reduce 
visibilities  below  3  miles  for  short  periods. 


Figure  5-4.  Mean  Winter  Frequencies  of  Visibilities  Below  3  Miles,  North  African  Coa.st. 
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WINDS.  Mean  'vitid  speccl.s  generally  clccrea,se  Irom 
west  10  cast  us  the  Azores  Higit’s  inllucnce  tlecline.s  with 
disianuc  away  ^om  its  ifcun  wiiiter  position.  Highc.sl 
observe-!  wind  speeds  are  always  associeiet;  with 
cyclonic  activity,  usually  Genoa  Lows.  Strong  and  gusty 
west  to  f.orlhwesi  winds  acco^ripuny  in’Cnse  cold  fronts. 
Peak  gusts  average  30  knots,  but  45-  to  55-knot  gusts 
have  been  reported  ai  Tripoli  and  Damali,  both  exposed 
coastal  locations.  Stations  farther  from  the  coast  have 


lower  mean  wind  spced.s,  as  shown  in  Figure  5-5.  'I  Ik 
land  or  sea  hrer  .r  'ingmt'/itv  prevailing  wc.-ilerlics  along 
cous's  that  arc  pcr^iendicfllai  to  the  Dow.  \^'c,sterlics 
dominate  i?tcas  whcr»*  coastlines  are  parallei  to  the  flow, 
Noctiima)  diainage  windc  dominate  around  the  Akhdar 
ami  Nafusah  Mountains. 

Upptr-level  winds,  shown  in  Figures  5-6a  and  5-6b, 
are  wciterly  under  the  Azores  High’s  influence. 


Figure  5-5,  fanuary  Surface  Wind  Roses,  Narth  African  Coast. 
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Figure  5-6a.  Upper-level  Annual  Mean  Wind  Direction,  Tripoli,  Libya. 
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Figure  5-6b,  Upper-level  Annual  Mean  Wind  Direction,  Banghazi,  Libya. 


PRI<XTPITATI()N.  Most  rainfall  is  convcclive,  As 
shown  in  Figure  5-7,  the  region  gels  1  to  16  inches  of 
rain  in  the  winter,  depending  on  pioximity  to  the  mean 
storm  track,  proximity  to  the  mountains,  and  coastal 
orientation.  Northwestern  mountains  slopes  get  the 
most.  Light  rain  or  drizzle  falls  above  2,0(K)-f(xH 
(61()-mclcr)  elevations  with  transitory  lows.  As 
illu.siratcd  by  the  Genoa  Low  track  in  Figure  5-8,  less 


rain  falls  along  flat  desert  coasts  oriented  v/esl-*/)-cast 
and  paraliel  to  advancing  cold  fronts.  SouUieastem 
slopes  and  east-facing  coasts  get  even  less.  Port  Said,  on 
the  region’s  extreme  eastern  edge  where  fronts  seldom 
peneimte,  gets  the  least  rainfall.  Snow  falls  on  less  than 
1  day  j  winter.  It  seldom  lasts  more  than  2  hours,  but 
can  persist  for  up  to  6  hours  above  1,5(X)  fcci  (455 
meters)  after  a  frontal  passage. 
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Figure  5-7.  Mean  Winter  Monthly  Precipitation,  North  African  Coast. 
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Figure  5-9.  Mean  Winter  Thunderstorm  Days,  North  African  Coast. 
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'I  I^MPFRArilRE.  Mcun  daily  liighs  in  winlcr  range  sub -Ireezing  icinperulures  to  the  wcslcni  two-thirds  of 
from  54°  F  (12'^'  C)  a'  Shahhat  to  71°  F  (22°  C)  inland  the  region.  Extreme  lows  along  coastal  plains  vary  from 
over  the  Nile  Delta.  Lows  range  from  39°  F  (4°  C)  at  25°  F  (-4°  C)  at  Tripoli  to  32°  F  (0°  C)  at  Banghazi.  In 
Nalul  to  57°  F  (14°  C)  at  the  Rosetta  Lighihou.se  on  the  the  Nile  Delta,  extreme  lows  range  from  28°  F  (-2°  C)  at 
Nile  Delta  coast.  Soutlicr'y  winds  bring  extreme  highs  of  Gharyan  to  37°  F  (3°  C)  at  Alexandria.  Nalut’s  extreme 
80-99°  F.  Continental  polar  surges  from  Europe  bring  low  is  1V°  F  (-7°  C)  in  January. 


Figure  5-10.  Mean  Winter  Daily  Maximum/Minimum  Temperatures  (F),  North  African  Coast. 
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(tKNKRAL  WKATHKR.  Movemeril  of  ihc  Azores 
High  shifts  ihc  mean  Polar  Jcl  inlo  llie  western 
Mediterranean  Basin  while  the  Subtropical  Jet  intensifies 
over  wcst-ccniral  Africa.  The  Saharan  Heat  Ia)w  builds 
(luring  the  spring,  creating  weak  southeasterly  flow  in  the 
region’s  western  portion.  A  prominent  area  of 
cyclogcncsis  develops  along  the  Atlas  Mountains, 
spawning  lows  that  often  track  northeastwiud  through  the 
Gulf  of  Sidra.  After  March  (but  most  frequently  in  later 
April),  hot  and  dry  southerly  winds  from  the  Sahara  (the 
Khamsin  or  Ghibli)  bring  dust,  sand,  high  winds  and 
high  temperatures  to  the  region,  but  little  rainfall.  The 
Poltir  and  Subtropical  Jets  may  interact  with  surface  low 
pressure  to  prtxluce  strong,  well-developed  cells.  There 
are  about  eight  low  passages  during  a  typical  spring. 

SKY  COVER.  Although  cloudiness  diminishes  in  the 
spring.  Atlas  Lows  and  moist  air  keep  cloud  cover 
relatively  high.  At  sunrise,  the  .sea  breeze  pushes 
extensive  stratus  and  slratocumulus  decks  onshore. 
Localized  amounts  of  stratus/stratocumulus  are  functions 
ol  land/sea  breeze  strength  and  terrain.  Bases  are 
generally  2,(KX)-3,(XX)  feet  (610-915  meters),  but 
mountain  stations  may  report  similar  clouds  with 
,5(K)-foot  (150-mcter)  bases.  Tops  arc  3,000  to  6,(KK)  feet 
(915  to  1,830  meters)  MSL  on  windward  slopes.  Over 


the  Nile  Delta,  stratus  with  bases  of  8(X)- 1,200  feet 
(245-  365  meters)  forms  from  moisture  trapped  under  the 
nocturnal  inversion  layer.  These  decks  dissipate  between 
09(X)  and  1 1(X)  L.ST  in  the  warmer,  drier  air. 
Fair-weather  cumulus  forms  in  the  aftcnt(K>n  along  the 
coast  with  bases  at  4,(XK)-5,(XX)  feet  ( 1 ,220- 1 ,520  meters) 
and  tops  to  7,500  feet  (2,285  meters);  they  usually 
dissipate  by  late  afternoon.  Ceilings  below  3,(XX)  feet 
(915  meters)  are  common  in  these  fair-weather  cloi  Js; 
Figure  5-1 1  shows  relative  frequencies. 

Clouds  associated  with  transitory  lows  diminish  after 
mid-April.  NimbosU'atus  is  very  rare,  but  scattered 
cumuionimbus  or  towering  cumulus  can  occur  along  cold 
fronts;  bases  are  4,000-5,{X)0  feet  (1,220-1,525  meters), 
tops  from  25,000  to  50,000  feet  (7.5-15  km)  MSL.  Bases 
may  lower  to  500  feet  (150  meters)  in  heavy  showers. 
Although  altocumulus  and  altosu'atus  occur  with  Atlas 
Lows  and  upper-level  disturbances,  thev  are  not 
extensive  bccau.se  Atlas  Lows  are  normally  dry.  Ba.scs 
arc  between  8,0(X)  and  15,000  feet  (2,440  and  4,570 
meters)  and  tops  in  multilayered  clouds  reach  to  21,(X30 
feet  (6,4(X)  meters).  Thin  cirrus  develops  at  18,0(X)  feet 
(5,485  meters)  near  Subtropical  JeLs,  Atlas  Lows,  weak 
upper-level  disturbances,  and  thunderstorms.  Thunder¬ 
storm  blow-off  may  reach  50,000  feet  (15  km)  MSL. 
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Figure  5-1 1.  Mean  Spring  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters),  North  African  Coast. 
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VISimU  TY.  Spring  visibilities  are  generally  poor  as 
Ircqucni  Allas  Lows  raise  dust  and  sand.  As  shown  in 
F'igiire  .‘5-12,  visibilities  are  below  3  miles  1-14%  of  the 
lime  along  immediate  coasts,  6-25%  inland. 

Winds  alx)vc  25  knots  near  Allas  Lows  and  their 
trailing  cold  fronts  can  reduce  visibilities  to  1  mile.  Hot, 
extremely  dry  winds  gusling  to  30  knots  create  massive 
dust  storms.  Walls  of  dust  several  hundred  feet  high  and 
a  mile  or  two  long  are  common.  Dust  can  extend  up  to 
20, (MK)  feet  (6  km)  MSL. 


Early  morning  fog  causes  most  low  vi.sibilitics  in  the 
Akhdar  Mountains  and  the  Nile  Delta.  Low  clouds 
become  fog  on  higher  slopes. 

Flow  from  the  Saharan  Heal  Low  transports  dust  into 
ilie  area  above  the  marine  boundary  layer,  where  it  settles 
and  combines  with  haze.  Haze  alone  rarely  lowers 
visibilities  to  less  than  a  mile;  tliey  normally  remain 
above  6  miles.  Visibility  may  drop  below  a  mile  in  dust 
haze,  which  is  particularly  dense  around  Adjabiyah,  but  5 
or  6  miles  is  more  common.  Heavy  showers  and 
thunderstorms  can  also  lower  visibility  below  a  mile 
briefly. 
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Figure  S-12.  Mean  Spring  Frequencies  of  Visibilities  Below  3  Miles,  North  African  Coast. 
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WINDS.  Allhoiigh  ihc  prcviiiling  synoplic  How  is  due 
westerly,  intense  spring  surface  heating  enhances  the 
lund/sca  brec/e  circulutii)n  and  makes  it  dominant,  as 
slurwn  in  Figure  Coasuil  stations  have  the 

strongest  winds,  primarily  in  directions  perjwndicular  to 
the  coastline.  Nalut  and  Shahhat--bolh  inland 
stations-have  the  lightest  winds,  Tripoli  is  a  coastal 
station,  but  relatively  light  winds  are  re|H)rted  at  the 
air{)ort,  which  is  about  1.5  miles  inland. 

The  Sahanin  Heat  Low  induces  weak  southeasterly 
flow  in  the  region's  western  ftortion.  This  flow 
penetrates  to  the  coast,  usually  above  the  marine 
boundary  layer.  The  southcastcrlics  begin  in  April  and 
persist  through  the  .summer.  Tttc  frequency  of 


nortitwesterlies  diminishes  in  the  spring  at  most  stations, 
indicating  that  Clenoa  Lows  (the  primary  synoptic  cause) 
become  less  frequent. 

Atlas  L.OWS  gencnite  the  region’s  strongest  spring 
winds,  primarily  from  tlie  south  or  .southeast.  Thc.se  am 
l(K;ully  known  as  tlie  "Khamsin"  or  "Ghibli".  Gusts  to  31 
knots  have  been  reported  at  Suit,  43  knots  at  Benina,  and 
4S  knots  at  Dumah. 

Upper-level  winds  begin  to  shift  toward  the  northwest 
by  May,  as  was  shown  in  Figures  5-6a  &  b.  This  change, 
brought  about  by  a  combination  of  the  .strengthening 
Azores  High  and  the  weak  high  above  the  Saharan  Heat 
Low,  affects  western  sections  first. 
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rUKCII’ri'A  riON.  Mosl  April-Mny  ntinliill  is  from 
oiojimphic  riiinsliowcrs  in  ihc  niounUiins  (see  Figure 
S-U).  Atlas  I.OWS  arc  mostly  icponsiblc,  hut  actual 
amounts  depoiul  on  the  path  ol'  the  individual  low.  The 
northeast  track  extends  Irom  northwestern  Libya  acro.ss 
the  Ciuir  ol  Sidra  and  into  the  eastern  Mcditcirancan. 
riio  secondary  eastward  track  is  along  or  south  of  tire 
ligyptian  coast,  l.ows  travel ing  along  the  southern  route 


March-May 


trigger  thunderstorms  northwest  ol  the  low.  These 
hecome  severe  as  they  approach  the  Nile.  Ihey 
twcasionally  cau.se  lltKxIing  when  u  low  interacts  with  an 
inverted  Sudanese  Low  pressure  trough  (see  the 
Sudanese  Low  di.scussion  in  Chapter  2).  Isolated 
thunderstorms  are  most  common  in  April,  e, specially  in 
Egypt  where  lows  draw  on  Red  Sea  moisture; 
frci|ucncie.s  are  ai  or  below  1  a  month. 
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Figure  5-14.  Mean  Spring  Monthly  Precipitation,  North  African  Coast. 
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'IT.IVIPKRATIJRK.  Spring  mean  daily  highs  vary  from 
ol"  I’  (17"  C’)  al  Shahhal  in  March  lo  <)2”  P (33"  C)  a(  Al 
Jawsh  in  May.  Moan  daily  lows  range  from  43  lo  67"  P 
(6  to  18"  V).  Khamsin  or  Cihihli  winds  from  Atlas  l.ows 
puss  over  the  .southern  Nufusuh  and  Akhdar  Mountains; 
they  warm  the  air  adiabatically  while  descending  the 


northern  slopes  and  result  In  the  region’s  highc.st 
tcm|)cialurcs,  including  102"  f’  (39"  f)  at  Alcsuiidriu 
and  121"  F  (49°  C)  at  E/,-Zauia.  Temperatures  arc 
lowest  in  March  when  rare  Polar  Jet  surges  re.tch  iIk; 
aiea.  Extreme  lows  range  from  22°  F  (-i>°  C)  at  Shahhal 
to  44"  F  (7°  C)  al  Alexandria. 
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(»I<;NERAL  weather.  Summers  are  extremely  dry 
as  ihc  Azores  High’s  strong  subsidence  results  in  clear 
skies  over  most  ol  the  region.  The  Saharan  Heat  Low  is 
strongest  in  summer.  Transitory  systems  are  rare.  The 
only  signilicant  cloud  cover  and  rainfall  occur  along  the 
mountains’  northern  slopes  from  orographic  lift. 

SKY  COVER.  Where  the  land/sca  breeze  is 
well-developed,  stratus  and  .strat(x:uniulus  form  over  the 
sea  at  night  and  move  over  the  coast  with  the.  sea  breeze. 
These  clouds  only  move  inland  for  about  10-20  NM, 
however,  because  of  the  extreme  aridity.  Nile  Delta 
moisture  also  produces  high  amounts  of  low  morning 
stratus,  as  shown  in  Figure  5-16.  Ceilings  are 
2,(H)()-3.(K)(i  feet  (610-915  meters)  on  the  coast,  but  less 
than  5(K)  feel  (150  meters)  in  the  mountains.  Tops  are 


MEDITERRANEAN  SEA 
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June-August 


below  5,000  fern  (1,525  meters)  MSL.  Stratus  normally 
dissipates  over  the  warm  land  between  WOO- 1 100  LST. 

Rare  upirer-lcvcl  troughs  or  early  June  Allas  Lows 
produce  the  only  mid-  or  upper-level  clouds. 
AIUKumulus  bases  are  1 0,000-1 8, (XK)  feet  (3,050-5,485 
meters);  lops  are  20,0(X)  feet  (6  km)  MSL.  Cirru.s 
develops  above  20,000  feet  (6  km)  MSL.  These  rare 
disturbances  aLso  produce  cumulus  with  bases  at 
4,000-8,000  feet  (1,220-2,440  meters)  and  tops  to  10,000 
feel  (3,050  meters).  Cumulus  from  Atlas  Lows  have 
bases  at  or  below  1,000  feel  (305  meters)  in  the 
mountains  and  2,500  feet  (760  meters)  on  the  coast. 
Tops  of  the  rare  thunderstorm  may  exceed  50,(KX)  feet 
(15  km)  MSL.  During  heavy  showers,  ceilings  can  low'cr 
to  5(X)  feel  ( 1 50  meters). 
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Figure  5-16.  Mean  Summer  Frequencies  of  Ceiling.s  Below  3,000  Feet  (915  meters),  North  African  Coast. 


The  mid-morning  stralocumulus  that  cau.ses  the  low 
ceilings  near  Surt  may  develop  into  coastal  fair-weather 
cumulus  that  rareiy  reaches  above  5, (XX)  feel  (1,525 
meters)  MSL  or  beyond  20  NM  from  shore;  it  generally 
dissipates  in  the  afternoon.  More  extensive  areas  of 


cumulus  (shown  in  Figure  5-17a)  develop  in  the  Akhdar 
Mountains  where  terrain  slopes  sharply  upward  from  the 
coast.  Cumulus  development  along  the  Nafusah 
Mountains,  40-60  NM  from  the  sea,  is  less  extensive-see 
Figure  5- 17b. 
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Figure  5-17a,  Summer  Source  Regions  for  Cumulus  Development  in  the  Akhdar  Mountains.  The 
Iwo  primary  source  regions  (shaded)  are  separated  by  a  natural  break  between  two  extensive  ridges.  Except 
for  the  rare  frontal  passage,  this  area  gets  the  only  summer  rainfall  in  the  region.  Contours  are  at  500-foot 
(150-meter)  intervals. 


development  only  cKcasionally  reaches  Mi.suraUt  and  the  Cull  of  Sidra.  Contours  are  at  I.fXKI  foot 
(3()5-mctcr)  intervals. 
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VISIHIIJI’Y.  Morning  log  is  ihc  major  visibility  thunderstorm  downbursLS  can  produce  short  (I-  to 

restriction  lliroughoul  the  region.  Figure  5-18  shows  lliat  30-minulc)  dustslorms  that  significantly  lower  visibility 

morning  visibililies  arc  Ixdow  3  miles  0-14%  of  the  time  near  large  sand  dunes,  such  as  at  Misuraia,  Adjabiyah,  or 

along  the  coast,  4-3b‘/r  in  the  mountains.  Kadiational  Fort  .Said, 

crxrling  or  morning  low  clouds  in  the  high  mountains 

cause  most  fog,  which  normally  burns  off  by  1 100  LST.  Afternoon  haze  that  forms  within  the  marine  boundary 

layer  or  in  the  residual  moisture  of  dissipated  radiation 
Afternoon  visibilities  are  generally  good.  The  sea  fogs  lowers  visibility  to  4-6  miles  at  some  locations, 

breeze  at  Misurata  is  strong  enough  to  carry  dust  and  Thick  dust  haze  forms  near  Adjabiyah  in  the  afternoon  as 

sand  from  the  shoreline  over  the  airfield,  causing  lowered  sea  breeze  moisture  combines  with  dust-not  only  local 

visibilities  in  the  afternoon.  Winds  above  25  knots  with  dust,  but  suspended  Saharan  dust  that  settles  into  the 

June  Atlas  Lows  result  in  poor  visibililie.s  with  blowing  marine  boundary  layer.  Rain  restricts  visibility  only 

dust  and  .sand.  Local  thermal  turbulence  and  rare  during  a  brief  and  rare  thunderstorm. 


Figure  5-18.  Mean  .Summer  F.'equencies  of  Visibilities  Below  3  Miles,  North  African  Coa.st. 
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WINDS.  Flow  is  north  northwesterly  with  Hulc  The  mountains  shelter  .soulhen.  ioc&tions  from  the  sea 
variation;  at  most  l(X'atioinis  it  reinforces  the  sea  breeze  breeze;  synoptic  Row  combines  with  mountain/valley 
and  Mi|)pr  'sscs  the  Ijtnd  breeze.  As  shown  in  Figure  breezes  to  provide  speeds  below  7  knots. 

5  I'l,  wind  directions  are  mostly  {)cr|)endicular  to  the 

eoiistline  anti  l<  list  variable  in  the  stimmer.  The  .sea  Upper-level  winds,  under  the  influence  of  the  Azores 
breeze  is  strongest  ,n  the  summer,  often  penetrating  40  High,  ju-e  northwesterly,  as  shown  in  Figures  ‘'-6a  &  b 
NM  inland.  Speeds  are  highe^st,  7-16  knots,  at  the  coast. 


Figure  5-19.  July  Surface  Wind  Roses,  North  African  Coast. 


FRKni’n  A'HON.  Kainlall  is  so  .scarce  in  summer  Karo  summer  shower;;  aic  caused  by  upper-level 

(mean  rainlall  ateumulaiion  0.1  in(:h/3  mm  or  less)  liiat  disturbances  generated  by  cold  upper-level  troughs  or 

the  tustomary  figure  showing  its  extent  has  not  been  .short  waves;  Figure  gives  an  example.  Seme 

pro'.ided  Instead,  refer  to  the  shaded  areas  in  Figures  hxalions  in  the  Nafusah  Mountains  average  one 

S  1 7a  and  b,  which  show  where  the  only  regular  summer  thunderstorm  a  summer,  usually  in  June.  East  of 

ramlall  (K  curs.  I  ight  mist,  drizzle,  and  brief  showers  fall  Benghazi,  thunderstorms  may  not  occur  at  all  for  several 

m  the  mountains  ulxive  I  ..‘iOO  Icct  (^.55  meters)  MSL.  sumiiicis  in  succession. 


THE  NORTH  AFRICAN  COAST 

SUMMER 


June- August 


I'EMPKRATIIRK.  Mean  daily  highs  range  from  80  to 
104°  F  (27  to  40°  C).  The  record  high  is  133°  F  (56°  C) 
at  Ez-Zauia.  The  marine  boundary  layer  moderates 
icmjxjralurcs  on  the  coast.  The  daily  high  is  usually 
reached  befttre  12(K)  LST  from  late  June  through  Augu.st. 
A  well-developed  sea  breeze  may  lower  temperatures  by 


15°  F  (9°  C)  in  an  hour,  but  when  (he  land  breeze  returns 
(!9(X)-  2I00  LST),  the  temperature  rises  again  by  as  much 
as  15°  F  (9°  C).  Although  not  shown  in  Figure  5-21, 
summer  mean  daily  '.ows  can  range  from  57  to  77°  F  (14 
to  20°  C).  Record  lows  include  40°  F  (5°  C)  at  Shahhal 
and  62°  F  (17°  C)  at  Alexandria. 
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Figure  5-21.  IVlean  Summer  Daily  Maximum/IVlininiatii  Temperatures  (F),  North  African  Coast. 
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(JKNI':RAL  WEATHKR.  TJic  Azores  High  dominates. 
Noriliwcstcrly  )low  strcngiiie.ns  and  grsklualiy  iiUrwIuecs 
moisture  to  the  area,  beginning  in  the  west.  Cyclonic 
ac'iviiy  increases.  Although  an  average  of  .six 
low-pressure  systems  travel  through  the  central 
Medi'erranean  Basin  during  the  fall,  only  three  pass  over 
the  North  African  Coast  region, 

SKY  COVER.  Morning  stratus  and  aftemw^n  cumulus 
become  more  pronounced  in  fall.  Stratus  and 
siiattKumulus  form  over  coastal  waters  during  the  night 
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and  move  onshore  with  lire  sea  breeze.  Bases  may  be  as 
low  as  5(K)  feet  (1. SO  meters)  in  the  mountains.  Radiation 
fog  becoming  stratus  causes  low  morning  ceilings 
throughout  the  Nile  Delta;  this  stratus,  which  usually 
dissipates  within  2  hours  as  the  land  surface  heats,  is 
responsible  for  the  high  frequency  of  low  ceilings  shown 
in  Figure  ,5-22.  Cumulus  forms  in  the  warm,  nroisi  fall 
air  as  the  .sea  breeze  is  sustained  into  the  afternoon. 
Cumulus  bases  are  4,{XX)-8,0(X)  feet  (1,220-2,440 
nseters),  and  lops  range  fnrm  6,000  to  I0,0(X)  feet  (1,830 
to  3,050  meters)  MSL. 
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Figure  5-22.  IVlean  Summer  Frequencie.s  of  Ceilings  Below  3,000  Feet  (915  meters),  North  African  Coast. 


Iransilory  systems,  such  as  Cienoa  Lows,  become 
more  common.  Thin  cirrus  forms  near  the  Subtropical 
and  Polar  Jets;  ba.ses  arc  above  18,(XX)  feet  (5,485 
meters).  Mid-  and  upper-level  clouds  become  more 
common.  Deep  Mediterranean  lows  follow  their 
southern  u^acks  in  late  fall  and  spread  extensive  cloud 
cover  over  the  region.  Cirrus,  with  bases  near  I8,(KH) 
lect  (5,48.5  meters),  reaches  50,(KX)  feel  (15  km)  MSL 


near  thunderstorms.  Multilayered  altocumulus  and 
aliostralus  form  with  ba,ses  between  8,0(X)  and  I5,(XX) 
Iccl  (2,440  and  4,570  mclcns)  and  tops  to  20,(XK)  feet  (6 
km)  MSL.  Medilcntmean  lows  also  generate  cumulus 
with  2,500-foot  (760  meler)  bases  and  tops  from  25,000 
to  50,(X)0  feel  (7.5  to  15  km).  In  heavy  showers,  bases 
may  lower  to  500  feet  (150  meters)  AGL.  Nirnbostralus, 
however,  is  very  rare. 
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VISIIIII.n'Y.  ilic  im.i(li'iicr  ol  !(»>;  iiitd  low  visibilily 
iKcuiiscs  in  (all,  Inil  (hoy  mo  s(ill  c(nnnum  :ti  (he 
morning  we.st  of  ihc  GiiU  ol  Sidra,  in  ihc  mounlaims,  and 
within  the  Nile  Delta  (see  Figure  5-23).  Dust  haze  is 
common  between  12(X)  and  1600  LST;  visibilities  arc 
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Arljabiyah.  Dnsi  and  sand  carried  by  winds  ovei  25 
knots  reduce  vi,sibili!ies  to  a  mile  or  less  and  can  lilt  dust 
to 20.(KXt  feet  (6  km)  MSI.. 
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Figure  5-23.  Mean  Fall  Frequencies  of  Visibilities  Below  3  Miles,  North  African  Coast. 


WINDS.  Surface  flow  is  wc.stcriy  to  west-northwesterly  most  nights.  El.scwhcre,  land  breezes  average  5  knots; 

at  8-1.5  knots.  The  strongest  winds  rarely  cxceca  40  .sea  breezes  vary  from  8  knots  at  Tripoli  to  12  kroi;,  at 

knots  and  usually  iKCur  with  frontal  passages.  Figure  Misurata.  Speeds  are  highest  along  immediate  coasts. 

5-24  shows  that  land/.sca  breezes  are  pronounced  along  Drainage  winds  frorr  the  Akhdar  Mountains  intensify  the 

most  of  the  coa,st.  The  prevailing  How  overshadows  the  nWiUinal  circulation;  Denina  has  10-17  knot  winds  at 

weak  (.1-.5  knot)  land  breeze  along  the  Nile  Della’s  coast  night  and  6-10  knot  winds  during  the  day. 


and  mainiain.s  a  strong  marine  inversion  over  the  land  on 
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PRF.CIPri’A'riOIN.  Fronlul  iiclivity  increases 
(Iramalically  in  NovciiilHa;  aJ  most  stalions,  raiitlall  is 
more  than  doubled  from  Seplcmbcr  lu  November.  Mosi 
rain  falls  in  (he  mounlnins;  Ihc  leijsl,  in  ihe  east  and 


along  .southward -indented  coasts.  Figure.  givc.s 
mean  monlliiy  precipilation  totals.  I'liere  is  also  an 
increase  in  thuudcrslonti  frequency,  as  shown  in  Figure 
5-26. 
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Figure  5-25.  Mean  Fall  Monthly  Precipitation,  North  African  Coast. 


Figure  5-26.  Mean  Fall  Thunderstorm  Day.s,  North  African  Coast. 
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'l'l'’(VIPI';UA'l’l)RK.  Mean  daily  highs  range  from  67  to 
98'’  h'  (19  to  37°  C).  The  record  high  is  136°  F  (58°  C), 
at  Ez-Zauia,  This  is  also  the  world’s  official  record  high 
lompcralure.  It  occurred  when  an  Allas  Low  brought 
strong  southerly  winds  to  the  area.  Mean  daily  lows 


range  from  50  to  76°  F  (9  to  24°  C).  Extreme  lows  range 
from  24°  F  (-4°  C)  at  Shahhat  to  48°  F  (9°  C)  at  Port 
Said.  A1  Marj  and  Damah  have  both  recorded  33°  F  (1° 
C).  Shahhat  is  the  only  location  that  records  sub-freezing 
icinpcralures  during  the  fall. 
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Chapter  6 

THE  EASTERN  SAHARA 


The  Eastern  Sahara  region  comprises  most  of  Libya  and  Egypt,  the  northern  portions  of  Chad  and  Sudan,  and  a 
small  part  of  Ethiopia.  ITie  region  includes  the  Libyan  Desert,  the  Nubian  Desert,  and  the  Nile  Delta.  After 
describing  the  area’s  situation  and  relief,  this  chapter  discus.ses  "general  weather  conditions"  by  season. 
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Figure  6-lb.  Climatological  Summaries  for  Selected  Stations  in  the  Eastern  Sahara. 


THE  EASTERN  SAHARA 


SITUATION  AND  RELIEF 


UT/UMi 


WADI  HALFA  9 


ILIMKMT8 


XTRN  MAX 


AVa  MAX 


AVa  MIN 


XTRN  MIN 


AVO  FRCP 


MAX  MON 


MAX  OAY 


TB  DAYS 


DOST  DAYS 


iEiiiczaEi!zaE22ac!3aiGsiiGQaESzicizacsaii2a 


loot  106 


60 


48 


THE  EASTERN  SAHARA 


SITUATION  AND  RELIEF 


(iK()(»RAPHY.  The  norlhcrn  border  of  Ihe  Eiislcm 
Sahara  begins  in  ihc  west  near  Nalul,  Libya,  and  runs 
casl  across  the  Nafusah  Mountains’  southern  slo|)cs  to 
within  approximately  20  miles  of  the  Mediterranean 
coastline  along  the  Gull  of  Sidra.  The  coastal  strip 
widens  along  the  Akhdar  Mountains’  southern  slopes 
cast  and  south  of  Banghazi,  Libya,  and  joins  the  eastern 
border  along  the  Red  Sea  Hill’s  western  slopes  southwest 
of  Suez,  Egypt. 

The  eastern  boundary  follows  the  61()-foot 
(185-meter)  contour  along  die  eastern  Red  Sea  Hills 
soudiward  to  Tokar,  Sudan.  It  then  jumps  to  the 
1,620-foot  (495-metcr)  contour,  which  it  follows 
southward  along  Ethiopia’s  Baraska  Vailey  to  16°  N. 
The  southern  boundary  continues  along  16°  to  the 
Chad/Niger  border.  The  western  boundtay  follows  the 
western  borders  of  Chad  and  Libya  north  to  the  Nafusah 
MounUdns. 

Two  mountain  ranges  help  divide  the  coast  from  the 
Sahara.  The  Nafu.sah  Mountains,  in  the  extreme 
northwest,  extend  185  miles  along  the  Mediterranean 
coast  and  average  about  3,(XK)  feet  (915  meters)  in 
height.  The  Akhdar  Mountains  are  further  east;  they 
extend  145  miles  along  the  Gulf  of  Sidia’s  east  coast. 
Average  height  is  2,500  feet  (760  meters). 

The  Eastern  Sahara  is  a  vast  plateau  covered  with 
sand  and  rock.  Elevations  range  from  600  to  1,200  feet 
(180  to  365  meters).  Isolated  lowlands  contain  the  only 
ground  water  and  vegetation. 

The  Nile  Valley,  a  broad,  silt-filled  feature  from  I  to 
13  miles  wide,  covers  the  entire  Ciistern  portion  of  the 
region.  It  .spans  1 ,200  miles  from  .south  to  north.  .Steep 
clifis  that  reach  1 ,640  feet  (5(X)  meters)  MSL  cut  through 
(he  sandstone  plaleau.  The  Nile  Valley  divides  the 
Sahara  into  two  deserts:  the  Libyan  Desert  in  the  west 
and  Ihe  Nubian  Desert  in  the  east. 

I  he  Libyan  Dc.scrt  includes  the  Mid-Saharan  Ri.se,  a 
large  plateau  extending  eastward  from  Algeria  to  20°  E. 
Ihis  desolate  Icitture  is  covered  by  gravel  and  sand.  It 
sloix-s  downward  to  (he  east,  averaging  1,640  feel  (.500 
meters)  in  the  west  and  660  feet  (200  meters)  in  the  cast. 
Ancient  lava  Hows  offer  slight  variation  to  the 
monotonous  terrain;  the  highest  ol  lhe.se  reach  4,0(K)  feet 
(1.220  meters),  but  generally  average  2,1(X)  feet  (640 
meters).  Hundreds  of  isolated  and  weathered  riKk 
outcroppings  protrude  above  the  Libyan  De.sert  Ikmr; 


the  highest  of  thc.se  is  Sudan’s  Jabal  al-Uwaynat,  at 
6,343  feet  (1,934  meters). 

The  Nubian  Desert  is  a  huge  sandstone  plateau 
averaging  1,640  feet  (500  meters)  in  elevation.  It  is  cut 
by  numerous  wadis  (semipermanent  stream  beds)  sloping 
westward  out  of  the  Red  Sea  Hills  and  creating  shallow, 
silt-filled  valleys.  The  Nubian  Desert  gradually  slopes 
up  eastward  from  the  Nile  Valley  to  the  base  of  the  Red 
Sea  Hills,  a  mountainous  rift  zone  on  the  Red  Sea  from 
the  Gulf  of  Suez  to  the  Edtiupian  border.  The  eastern 
slopes  of  this  narrow  mountain  range  arc  steep, 
characterized  by  parallel  ridges  with  rugged,  isolated 
peaks  that  reach  7,412  feet  (2,259  meters). 

The  Tibe.sti  Mountains  lie  southeast  of  the 
Mid-Sahiuan  Rise  and  cover  38,600  .square  miles  in 
northwestern  Chad  and  southern  Libya.  Extremely 
rugged  r(x;k  formations  .shaped  by  intense  wind  erosion 
rise  abruptly  from  the  desert  floor.  The  highest  point  in 
the  region  (Emi  Koussi,  at  1 1 ,204  fect/3,415  meters)  is  in 
the  Tibesti  Massif.  Emi  Koussi  is  the  largest  of  five 
volcanic  peaks  over  10,0(X)  feet  (3,050  meters).  The 
Enncdi  Plateau  in  northeastern  Chad  contains  sandstone 
peaks  at  more  than  4,700  feet  (1 ,430  meters)  MSL. 

DRAINAGE  AND  RIVER  SYSTEMS.  The  Eastern 
Sahara  s  only  permanent  river  is  the  Nile,  which  flows 
northward  1,2(X)  NM  through  Sudan  and  Egypt  lo  the 
Medite' ranean.  Seasonal  flooding  produces  a  fertile,  10 
to  13  mile- wide,  silt-filled  floodplain  that  contrasts  with 
the  barren  desert.  The  Atbarah  River,  which  rises  in  the 
Ethiopian  Highlands  and  joins  the  Nile  in  th ;  region’s 
.southeast  corner,  is  its  only  permanent  tributary. 
Navigable  in  the  flood  sca.son  between  June  and  August, 
it  dries  to  a  .series  of  pools  alter  August.  The  Nubian 
Desert  contains  many  wadis  that  lill  with  surfac  e  runoff 
after  an  infrequent  rainfall;  none  normally  join  the  Nile. 

LAKE.S  AND  RESERVOIRS.  The  Eastern  Sahara  is 
dotted  by  numerous  fertile  oases  and  barren  depressions 
with  salt  marshes  and  salt  pans-lhin,  sun-baked  surfaces 
with  spongy  muck  beneath  the  crust.  Elevations  are 
mostly  l)elow  330  feet  (100  metees),  and  several 
depressions  and  oases  arc  below  sea  level.  The  largest 
oasi.s  is  the  Khaiga  in  south-central  Egypt.  Us  basin  is 
2(X)  miles  long  and  30  miles  wide.  The  Siwa  Oasis,  in 
northwest  Egypt,  is  l(X)  feet  (30  meters)  below  sea  level. 
The  Siwa  basin  is  50  miles  long  and  10  miles  wide.  It 
contains  .several  small  .salt  lakes. 
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riio  Biikct  Karun,  u  Ireshwaler  lake  23  miles  long  and 
4  miles  v.  ide  in  northeaslcrn  Egypt,  is  separated  from  the 
Nile  by  a  narrow  strip  of  desert.  It  is  150  fe.et  (45 
meters)  below  sea  level.  Also  known  as  the  A1  Fayyum 
Depression,  this  hike  was  once  connected  to  the  Nile  by 
an  ancient  Egyptian  canal  system. 

The  Qattara  Depression  covers  7,200  .square  miles  in 
northwestern  Egypt  at  436  feet  (133  meters)  Ixilow  sea 
level.  Its  surface  is  .salt  marsh  and  desert  .salt  pan. 

The  Aswan  Dam  forms  Lake  Nasser,  the  region’s 
Uagest  man-made  reservoir.  The  lake  extends  s<)u»h  300 


miles  from  the  dam  to  the  Egypt/Sudan  border.  Width 
varies  from  6  to  36  NM. 

VEGETATION.  The  landscape  is  bairen  except  for 
isolated  clumps  of  grass  and  small  .shrubs  along  wadis. 
Lush  grasses  and  palm  trees  grow  in  oa.sc.s.  The  Nile 
Valley  contains  98%  of  the  region’s  planks.  There, 
aquatic  grasses  and  acacia  trees  grow,  along  with 
irrigated  cash  crops.  Small  shrubs  are  mixed  with 
i.solated  grass  clumps  in  isolated  mountain  ranges.  The 
Tibesti  supports  some  agriculture.  I.solated  open 
woodlands  and  .savannah  thrive  in  cooler  surroundings 
above  5,000  feet  (1 ,525  meters). 
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(iKNERAL  WEATHER.  The  Azores  High  is  al  its 
southcmmust  |H)sition;  westerly  flow  at  all  levels  is 
rcinlorced  by  the  Saharan  High.  Cyclonic  activity  and 
frontal  showers  characterize  winter  weather.  A  cold 
front  moves  southward  over  the  region  every  3  to  5  days. 
Winter  low-pressure  systems,  such  as  Cyprus  and  Atlas 
Lows,  move  northeast  or  east  over  the  Mediterranean 
Sea,  which,  along  with  the  North  Atlantic  Ocean,  feeds 
the  lows  with  moisture.  SigniHcant  cloud  cover  and 
frontal  precipitation  is  normally  limited  to  the  immediate 
vicinity  of  low-pressure  centers  and  cold  fronts,  which 
weaken  appreciably  .south  of  25°  N  as  moLsture 
dwindles. 

SKY  COVER.  Winter  is  the  cloudiest  season  over  the 
noriliem  two-thirds  of  the  region,  but  least  cloudy  over 
the  .southern  third.  Mean  cloud  cover  decreases  from 
35%  in  the  northwest  (closest  to  storm  tracks)  to  in 
the  southeast.  Fronts  cau.se  formation  of  .sirat(x:uinMln.s, 
altocumulus,  and  cirrus  in  layers  between  2,000  and 


20, (XX)  feet  (610  and  6,100  meters).  Embedded  towering 
cumulus  or  cumulonimbus  reaches  50, (XX)  feet  (15  km) 
MSL.  Cloud  ba.scs  can  be  as  low  as  .5(X)  feet  (150 
meters)  in  heavy  showers.  All  clouds  remain  close  to  the 
frontal  boundary.  Altocumulus  castcll  lus  can  develop 
during  disturbed  weather.  Rain  may  tall  from  the.se 
clouds,  but  it  rarely  reaches  the  ground. 

Afternoon  stratocumulus  with  2,500-foot  (760-meter) 
bases  forms  over  local  moisture  sources,  such  as  oases. 
This  results  in  the  higher  frecjuencies  of  ceilings  below 
3,000  feet  (915  meters)  at  Siwa  shown  in  Figure  6-2. 
Stratocumulus  and  cumulus  ceilings  between  3,000  and 
5,000  feet  (915  and  1,525  meters)  are  Ixjtwcen  5  and  10 
times  more  frequent  than  those  at  2,5(X)  feet  (760 
meters).  Stretus  is  very  rare.  Mo.st  ceilings  below  3,0(X) 
feet  (915  meters)  south  of  a  line  from  Sabhah  to  Asyut 
are  the  result  of  blowing  du.st:  most  of  thc.se  ceilings  are 
below  800  feet  (245  meters). 


Figure  6-2.  Mean  Winter  Cloudiness  (Isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feel  (915 
meters),  F-astern  Sahara. 
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Fronts  ilry  as  they  move  over  die  Sahara.  Subsidence 
and  surface  healing  reduce  cloud  developmenl  further, 
but  inten.se  Atlas  l-ows  occasionally  pull  significant 
amounts  of  moisture  northwrjd  from  the  equatorial 
Atlantic  and  temporarily  suppress  subsidence  over  the 
Sahara.  Upward  motion  and  moisture  aloft  produce 
extensive  cloud  cover  and  rain. 

VISIBILITY.  Suspended  dust  is  the  greatest  cause  of 
reduced  visibilities.  Dust  haze  restricting  visibility  to 
between  3  and  6  miles  is  common.  Cold  fronts,  followed 
by  strong,  cold  Saharan  Highs,  commonly  cause  most 
dust  and  sand  storms.  The  strong  highs  increase  pressure 
gradients  between  themselves  and  the  Monsoon  Tiough, 


thereby  increasiiig  the  northeasterly  Harmattan  winds, 
which  raise  more  dust  and  lower  visibilities  drastically  in 
Harmattan  Haze  (which  see)  south  of  20°  N. 

Fog  and  haze  form  between  2000  and  0700  LST  in  the 
extreme  north  behind  cold  fronts  when  there  is  strong 
northerly  flow  off  the  Mediterranean  Sea.  This  is  the 
reason  for  the  4%  frequency  of  low  visibility  at  Asyut 
shown  in  Figure  6-3.  Morning  fog  and  haze,  with 
visibilities  between  4  and  6  miles,  develop  under  stable 
conditions  near  localized  moisture  sources  such  as  the 
Nile  Valley,  de.sen  depre.ssions  with  salt  marshes  like  the 
Qaltara,  and  large  oases.  A  rare  heavy  precipitation 
event  caii  drop  visibilities  briefly  to  3  miles  or  less. 
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Figure  6-3.  Mean  Winter  Frequencies  of  Visibilities  Below  3  Miles,  F:aslern  Sahara. 
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Khani.sin  or  Ohibli  winds  (which  see)  cause 
ilusLslojins  llwt  lower  visibiliuics  to  near  zero  across 
Egypt  and  l-.ibya.  The;«  storms  last  for  several  days. 
They  diminish  during  the  night  and  strengthen  during  the 
itay  ilong  slow-moving  cold  fioncs.  The  low  visibility 
Iregucncy  shown  at  Faya  [..argeau  and  Dongoia  in  Figure 
6  1  shows  tital  these  storms  make  visibility  worst  during 
the  altcrniHjn.  These  two  stations  are  affected  most 
tx'cau.sc  they  arc  surrounded  by  the  easily-lifted,  fine 
sand  and  dust  of  the  Libyan  Desert, 


Khamsin  or  Ghibli -generated  duslstonns  may  affect 
an  area  120  miles  wide  ahead  of  the  front;  dust  may 
reach  20,(X)0  feet  (6  km)  and  vi.sibility  can  be  less  than 
1/2  mile.  Turbulent  mixing  and  strong  west  to  northwest 


winds  behind  the  cold  front  also  rai.se  dust  and  .sand,  but 
conditions  are  less  severe  and  less  persistent. 

WINDS.  The  Azores  and  Saharan  Highs  determine 
low-levcl  wind  How;  a  station's  location  relative  to  the 
average  position  of  the  Saharan  High  (22°  N,  20°  E) 
determines  its  prevailing  winds.  Prevailing  directions  in 
the  southern  and  eastern  parts  of  the  region  vary  little 
because  the  few  synoptic  disturbances  that  reach  them 
are  weak.  Faya  Latgeau  and  Aswan  are  in  valleys  that 
channel  winds  in  the  same  direction  as  the  .synoptic  flow; 
speeds  average  about  8  knots.  Highest  .speeds  are  at  Faya 
Largeau  (15  knots),  where  winds  that  have  swept 
unimpeded  across  the  Libyan  Desert  are  channeled. 


Figure  6-4.  .lanuarj'  Surface  Wind  Roses,  Eastern  Sahara.  Note  that  the  scale  for  the  direction  frequency 
at  Atbari,h  is  half  that  of  the  other  stations. 
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Winds  al  10, (KM)  led  km)  aio  westerly  to 
northwesterly.  Monthly  mean  wind  speeds  al  30, COO  I'cet 
(9  km)  arc'  u.suidly  hetwestn  50  and  80  knots,  but  they 
vary  signilkantly  with  height  because  the  Subtropical  Jci 


Stream  core  is  centered  over  the  region.  Figures  6-5a  c 
show  wind  directions  aloft  at  selected  stations;  note  that 
the  wind  directior.  axis  in  these  figures  has  heetc  .'ipifted 
I80d6g:'ces, 
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Figure  6-5a.  Mean  Annual  Wind  Direction  for  Dongola,  Sudan. 


Figure  6-5b.  Mean  Annual  Wind  Direction  for  Kufra,  Libya. 
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Kigure  6-Sc.  Mean  Annual  Wind  DirectioH  fnr  Sabhah,  Libya. 
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I’RKCTPri'A  ITON.  The  l.ibyan  Desert  is  one  of  the 
driest  aants  in  the  woild.  Pronial  showers  and 
thunderstorms  cause  most  winter  precipitation;  steady 
rain  and  dri/.zic  are  very  rare.  Snow  is  extremely  rare 
except  at  elevations  above  3,(XX)  feet  (915  meters). 
Significant  winter  rainfall  episodes  (above  0.1  inches--'! 
mm)  arc  nonfrontal;  they  occur  beneath  a  cold 
uplicr  icvel  trough  or  a  closed  low.  .such  as  with  the 
iniense  Cyprus  Low  shown  in  Chapter  2  (which  see). 

)ulli  of  30°  N,  the  frequency  of  showers  and 
thuadeistorms  varies  significantly  from  year  to  year. 
One  rainshower  or  thunderstorm  can  account  for  90%  of 


the  site’s  setcsonal  rainfall  total  for  a  2-  or  3-yctir  period. 
Rainfall  occurs  once  or  twice  a  month  north  of  26°  N 
along  trailing  cold  fronts.  The  area  south  of  26°  N 
averages  less  lhan  one  rainfall  day  a  winter.  Mean 
precipitation  statistics  are  not  an  accurate  reflection  of 
potential  rainfall  accumulation  or  potential  flood  damage 
that  might  result  from  a  single  tliunderstorm.  Maximum 
24-hour  precipitation  in  Figure  6-6  is  more  representative 
of  this  hazard.  Semipermanent  stream  beds,  or  wadis,  fill 
rapidly  and  can  carry  water  for  significant  distance's. 
Upper-level  instability,  rather  than  migratory  low 
central-pressure  readings,  determines  the  difference 
between  rainfall  and  virga. 


Figure  6-6.  Mean  Winter  Monthly/Maximuni  24-hour  Precipitation,  Eastern  Sahara.  IsohyeLs  represent  mean 
seasonal  rainfall  totals.  Maximum  24-hour  pi  ecipitation  .statistics  for  Hun  and  Fada  are  not  available. 
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TKMPKRATURF..  As  shown  in  Figure  6-7,  winlcr 
nights  arc  c(X)l  and  days  are  mild.  Radiative  proco:scs 
produce  large  diurnal  temperature  ranges.  'Flic  highe.s; 
winter  tcmpcrature.s  occur  with  subsidence  aloft  when 
transitory  continental  high  prc.ssurc  intensifies  over 
northern  Africa.  Jalu  has  reached  89^^  F  (32“  C)  under 
ihc.se  conditions.  Faya  Largeau’s  winter  extreme  high  is 


109°  F  (43°  C).  Temperatures  above  100°  F  (37°  C) 
occur  in  every  winter  month  throughout  Chad  and  Sudan 
iHxausc  ironts  do  not  consistently  penetrate  south  of  20° 
N.  Extreme  lows  range  from  16°  F  (-9°  C)  at  Hun  to  41° 
F  (5°  C)  at  Abu  Harncd.  It  is  estimated  that  temperature.s 
have  dropped  to  as  low  as  10°  F  (-12°  C)  over  the  Tibesti 
Mountains  above  7,000- foot  (2,135-meter)  elevations. 
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(iKNKRAL  WKATHKR.  The  Saharan  Heat  Low  forms 
in  April  and  erodes  the  quasi-slalionary  high-pressure 
ridge  over  northern  Africa.  It  establishes  a  low-level 
southerly  or  ea.sterly  flow  of  dry  desert  air  over  the 
subregion’s  western  half. 

The  Azores  High’s  northwestward  shift  produces  a 
southward  migration  of  cyclonic  activity  from  the 
Mediterranean  Sea  to  the  Atlas  Mountains.  Hot,  dry 
winds  and  frequent  dusLstorms  are  common  with  these 
Allas  Lows.  The  Mon.soon  Trough  surges  northward  for 
I -.3  day  periods  south  of  18°  N,  but  it  (xxasionally 
moves  northward  to  Dongoia  and  Abu  Hamed. 
Low-level  moisture  and  southerly  flow  produce  isolated 
rainshowers  by  late  May. 


SKY  COVER.  Mean  cloud  cover  increases  to  18-25% 
in  the  southern  third,  but  decreases  to  20-30%  in  the 
northern  two-thirds  despite  an  increase  in  Atlas  Low 
activity.  Mid-  and  upper-level  cloud  cover  increase 
slightly,  but  higher  surface  temperatures  and  dry  Saharan 
air  reduce  cloud  amounts  below  8,000  feet  (2,440 
meters).  Moist  and  cool  Mediterranean  air  carried 
southeastward  behind  Atlas  Low  cold  fronts  creates 
.stratocumulus  and  cumulus  inland  over  the  northern 
Sahara.  Bases  arc  3,000  to  7,000  feet  (915  to  2,135 
meters)  and  lops  reach  9,000  feet  (2,745  meters). 
Embedded  towering  cumulus  and  cumulonimbus  can 
extend  to  50,000  feet  (15  km).  Bases  can  drop  to  500 
feet  (150  meters)  in  heavy  rainshowers. 


Tunisia 
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Mediterranean  Sea 


07113119 


eigure  6-8.  Mean  Spring  Cloudiness  (Isupleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  F.astern  Sahara. 
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'I’hc  invading  cool  Mediterranean  air  mass  watms  and 
dries  rapidly  over  land;  cloudiness  disappears  1(X)  miles 
inland.  Equatorial  moisture  (Kxusionally  moves 
northward  within  the  warm  .sector  of  deep  Atlas  Lows. 
The  Allas  Low  center  mast  track  eastward  between  27“ 
and  ,l()“  N  belore  broken  lo  overcast  cirrus  utul/or 
altocumulus  can  develop  along  the  Tilw.sii  Mountains. 
The  altocumulus  lorms  Ivetween  10, (XK)  and  ?8,(XX)  feel 
(.TO.SO  and  .“5,48.5  meters);  tops  reach  20,tXX)  i'eel  (6  km) 
M.SL.  Altocumulus  castcllanus  can  develop  along  cold 
fronts,  occasionally  producing  virga;  tops  can  reach 
40, (KX)  fcet(12km)MSL. 

Stratocumiilus  forms  in  stable  morning  air  neru  large 
l(x.ali/.cd  moislure  sources.  Moitning  cloud  cover  has  its 
bases  at  or  above  2,000  feet  ((ilO  meters)  and  tops  below 
4,(XX)  feet  (1,220  meters)  MSL.  Stratus  is  rare  in  the 
Eastern  Sahrua.  Most  low  ceilings  shown  in  Figure  6-8 
and  almost  all  ceilings  below  1,000  feet  (305  meteits)  are 
caused  by  blowing  dust  or  sand  obscurations.  Tlicse 
ceilings  arc  usually  rcporicd  as  being  below  8(X)  feel 
(245  meters). 

Ihe  Mon.soon  Trough  moves  north  in  May  and 
oscillates  along  the  subregion’s  southern  edge.  Maritime 
tropical  (mT)  air  temporarily  replaces  continental 
tropical  (cT)  air.  The  shallow  mT  air  mass  produces  low 
and  middle  clouds.  With  northward  surges  ol  the 
Mon.soon  Trough,  lowering  cumulus  and  cumulonimbus 
ctin  form  at  Atbara  and,  to  a  lesser  c.Menl,  at  Faya 
Largeau,  Dongola,  and  Abu  Hamcd.  Thc.se  clouds  form 
when  the  Monsoon  Trough  is  north  of  20“  N  and  mT  air 
is  .T(KX)-5,(KX)  feel  (915-1,525  meuers)  deep.  Bases  arc 
between  4,(XX)  and  8,(K)0  feet  (!,22()  and  2,440  meters); 
tops  can  reach  60,0(X)  feet  (18  km)  MSL.  Isolated  storm 
cells  may  also  appear  in  northern  .Sudan.  Altocumulus 
forms  within  and  around  dissipating  lowering 
cumuliis/cumulonimbus,  (xcurring  most  .frequenOy 
(6-9%  of  the  time)  at  night  and  in  the  early  morning. 
Bases  range  from  l?„(XH)  m  20, (XX)  f<;c!  (3,6«)  lo  6,1(K) 
nieleis)  wilh  1 3,(XX)  (o  2?,(HKI-f(K)l  (3,960-  to 

(i,  /(HI meter)  M.Sl ,  (ops, 

VI.SIIllLi  rY.  Low  visibilities  arc  most  common  in  the 
spring  when  high  winds  from  Atlas  Lows  combine  wilh 
(try  conditions  to  raise  dust.  Dustslorms  develop  wilh 
Khamsin  or  Ghibli  winds  in  the  Allas  Low's  warm 


sector.  Strong  Khamsin  winds  may  drop  visibilities  to 
near  zero  for  6  12  hours  during  the  day.  Although 
visibility  improves  during  the  night,  it  deteriorates  again 
the  next  djiy.  This  cycle  may  repeat  for  several  days  in 
succe.ssion  with  slow-moving  lows.  Airborne  dust  can 
affect  an  iirca  120  miles  wide  and  reach  heights  of  20,(XX) 
feel  (6  km)  MSI..  Atlas  Lows,  accompanied  by  deep 
upper-level  troughs,  can  produce  a  number  of  smaller 
surOice  lows  that  produce  localized  dustslorms  near  their 
centers.  Ilvcse  small  lows  affect  the  region  for  periods  of 
7-10  days.  Even  after  the  winds  die  down,  dust  in 
suspension  blankets  the  area  for  several  days. 

High  pressure  movc,s  into  the  area  behind  passing  cold 
fronts,  bringing  strong  northerly  winds  and  more 
dusLstorms.  The  extent  and  duration  of  post  frontal 
dusLstorms  depend  upon  the  air  mass  terr;(K!ralure 
differences  on  cither  side  of  the  front.  Also,  low 
visibility  is  more  common  at  stations  surrounded  by  silt 
or  fine  sand  than  at  stations  surrounded  by  rock  or  salt 
marsh,  ’'fhe  fine  sand  is  more  common  in  the  cast  and 
south,  causing  the  incrertse  in  the  area’s  low  visibility 
frequencies  shown  in  Figure  6-9. 

Large  and  inien.se  high-pressure  areas  may 
temporarily  tighten  pressure  gradients  juM  north  of  llic 
Monsoon  Trough.  The  tighter  gradients  strengthen  the 
Harmattan  winds,  causing  Harmattan  Hare  (which  .see) 
in  Chad  and  western  Sudan.  Visibilitic.s  are  |K)orest  in 
the  morning  (07(X)  lo  0900  LST),  when  they  arc  between 
\!2  and  1  mile. 

The  Mon.soon  Trough  moves  northward  and  oscillates 
over  the  region  throughout  the  .spring.  When  the 
Monsoon  Trough  is  at  its  northernmost  position,  strong 
southerly  winds  produce  duststomis  wiib  visibilities 
below  a  mile  immediately  south  of  the  trough 

Fog  and  damp  ha/,e  are  rare,  occurring  only  at 
locations  with  large  quantities  of  surface  water  such  as 
tlie  Nile  Valley  and  Qatlara  Depression.  The  salt  n.arsh 
cast  t)f  A1  Jaghbub  helps  form  nocturnal  radiation  fo;'  or 
damp  haze  that  reduces  visiblity  at  A1  Jaghbub  to  to 
6-mile  visibilities  about  25%  of  the  time.  Hcav> 
rainshowers  along  cold  fronts  may  also  reduce  visibility 
for  brief  periods. 
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Fi;^ure  6-9.  Mean  Springs  Fret|uencies  of  Visibilities  Below  3  Miles,  Eastern  Sahara. 
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WINDS.  Surface  winds  change  direction  as  the  Azores  M 
High  migrates  northwestward.  Directions  are  more  west 

variable  than  in  winter  because  of  the  increased  20,0( 

frequency  of  Atlas  Lows,  which  also  make  winds  above  signi 
17  knots  more  common  than  in  winter.  Western  .stations  km), 
are  more  affected  than  those  in  the  east.  The  cliffs 
around  both  Aswan  and  Faya  Largeau  cause  channeling. 


Mid-  and  upper-level  winds  are  sustained 
west-southwesterly.  Wind  speeds  are  40-90  knots  above 
20,000  feet  (6,100  meters)  in  March,  but  they  decrc.a.sc 
significantly  by  May.  Speeds  peak  at  38,(KK)  feet  (1 1.6 


Figure  6-10.  April  vSurface  Wind  Roses,  Eastern  Sahara. 


THE  EASTERN  SAHARA 

SPRING 


March<May 


PRIvClPITATION.  PrecipiUition  in  norlhem  Libya  and 
Egypt  decreases  from  its  winter  maximum.  Suitions 
south  of  28”  N  receive  le.ss  than  a  trace  until  May. 
Despite  this,  rainfall  peaks  in  the  spring  between  24”  N 
and  26°  N.  Although  Allas  Lows  are  most  common  in 
spring,  storm  tracks  that  penetrate  the  interior  seldom 


bring  heavy  rainshowers.  This  is  evident  in  the  .spring 
24-hour  maximum  rainfall  data  shown  in  Figure  6-11.  A 
cold  and  deep  upper-level  trough  can  trigger  afternoon  or 
early  evening  thunderstorms  even  in  the  absence  of  a 
from. 


Figure  6-11.  Mean  Winter  Monthly/Maximum  24-hour  Precipitation,  Kttttern  Sahara. 

mean  sca'ional  rainfall  totals. 


Isohyels  represent 
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TKMPKRATIJRK.  Mean  spring  temperatures  are 
lowest  in  the  northwest  in  March,  but  highest  in  the  south 
jiisl  bcilbrc  the  Mons(K)n  Trough  sirrivcs.  In  the  south, 
daily  highs  arc  usually  above  l(K)'’  F"  (38**  C)  in  April 
and  May.  Atlas  Lows’  Khamsin  or  Ghibli  winds  often 
result  in  the  highest  spring  temperatures.  Record  highs 


range  from  F  (41°  C)  to  126°  F  (52°  C),  but  air 
temperatures  in  remote  areas  may  exceed  126°  F  (52° 
C).  Ground  temperatures  may  exceed  140°  F  (5y°  C). 
Diurnal  variations  (as  much  as  .35°  F'/M)"  (')  arc  most 
extreme  in  the  .spring.  Extreme  lows  range  from  25“  F 
(-4°  C)  at  Hun,  to  52°  F  (1 1°  C)  at  Faya  Largeau. 
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Figure  6-12.  Mean  Spring  Daily  Maximum/Minimum  Temperatures  (F),  Eastern  ,Sahara. 
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(JKNKRAL  WKATHKR.  'Fhe  Monsoon  Trough,  the 
major  summer  weather  feature,  is  at  about  18°  N.  Us 
high  humidity  and  precipitation  seldom  extends  north  of 
20°  N  for  more  than  3  days  in  a  row.  North  of  the 
Trough’s  inlluencc,  it  is  extremely  dry. 

The  Subtropical  Ridge  (which  sec)  is  centered  over 
the  subregion  during  summer.  It  divides  upper-level 
westerlies  to  the  north  from  easterlies  to  the  south. 


SKY  COVER.  With  few  lows  traveling  over  the 
Mediterranean,  mean  summer  cloud  cover  over  the 
northern  two-thirds  of  the  region  drops  to  less  than  15%. 
Cloud  cover  over  the  .southern  third,  which  is  affected  by 
the  Monsoon  Trough,  increases  to  up  to  55%  and  makes 
summer  the  cloudiest  .season.  Most  low  ceilings  shown 
in  Figure  6-13,  however,  are  caased  by  the  suspended 
dust  that  occurs  with  thunderstorms,  rain.showers, 
Tropical  Squall  Lines,  and  the  thermal  turbulence  that 
results  from  intense  surface  heating.  Duststorms 
commonly  produce  ceiling.s  below  800  feet  (245  meters). 


Figure  6-13.  Mean  Spring  Cloudinevi  (Isopleth.s)  and  Frequencies  of  Ceilings  Below  3,000  Feel  (915 
meters),  Ea.stern  Sahara. 


Most  cloud  cover  in  the  north  is  as.s(x:ialcd  with  llie 
weakened  Subtropical  Jet  (cirrus  and  alt(Kumulus). 
Scattcral  to  Ixoken  cumulus,  along  with  very  isolated 
cumuioniinbus,  can  form  along  rare  cold  fronts  crossing 
tiK-  n;gion‘s  norihcrn  fringes.  This  (Kcurs  only  when  the 
summer  high-pressure  ridge  over  Europe  temporarily 
weakens  and  allows  weak  cyclonic  activity  to  jx’netrate 


into  the  southern  Mediterranean.  Broken  morning 
struUKumulus  is  reported  at  Hun  and  Jalu  about  oikc 
every  5-7  years.  1*.  probably  develops  in  the  Gulf  of 
Sidra  and  peneuates  inland  with  abnormally  suong 
northwesterly  flow.  Ba.se$  are  1 ,5()()-2,5(X)  feel  (455-760 
meters),  tops  below  5,(K)0  feel  (1,525  meters)  MSL. 


tHE  EASTERN  SAHARA 

SUMMER 


June-August 


Cloud  amounts  increase  in  a  hand  between  SO  and  250 
miles  south  of  the  Monsoon  Trough.  Cumulus,  towering 
cumulus,  and  cumulonimbus  form  within  the  maritime 
tropical  (mT)  airmass  layer,  normally  when  the  layer  is 
.^,(KX)-5,(K)0  feet  (915-1.525  meters)  thick.  Fair-weather 
cumulus  forms  daily  with  about  6,0C0-foot  (1,830 
meters)  bases  and  tops  below  10,(XK)  feet  (3,050  meters) 
MSL.  Altocumulus  forms  in  and  near  the  Mid- 
Tropospheric  Easterly  Jet  and  within  the  outflow 
boundary  of  expanding  cumulonimbus  and  towering 
cumulus.  Altocumulus  can  also  form  as  the  continental 
tropical  (cT)  airmass  overrides  an  mT  airmass  along  the 
Intertropical  Discontinuity.  Bases  are  15,000  to  25,{XX) 
feet  (4,570  to  7,620  meters)  and  tops  are  between  16,{XX) 
and  27,(XX)  feel  (4,875  and  8,230  meters)  MSL. 
Cumulonimbus  and  towering  cumulus  can  form  an 
organized,  westward-moving  line  of  convection  called  a 


"Tropical  Squall  Line,"  which  see.  Ba.ses  arc  4,(KK)  to 
8,0(X)  feel  (1,220  lo  2,440  meters);  lops  reach  60,(KH) 
feet  (18  km).  Altostrnlus  and  siralocumulus  decks  may 
form  under  stable  conditions  after  a  Tropical  Squall  Line 
passage  and  persist  for  6  to  8  hours.  Altostratus  bases 
range  from  8,(XX)- 12,000  feel  (2,440-3,660  meters)  MSL 
with  tops  to  20,{XX)  feet  (6  km)  MSL.  Stratus  is  very 
rare,  forming  in  the  early  morning  hours  after  heavy 
rains. 

VISIBILITY.  Summer  duststorms  are  rare  north  of  the 
surface  Monsoon  Trough  because  few  synoptic 
disturbances  affect  the  area.  However,  turbulence  caused 
by  intense  surface  heating  raises  some  dust  and  resulLs  in 
the  slight  mid-day  increase  in  low  visibilities  shown  in 
Figure  6- 14. 


Figure  6-14.  Mean  Summer  Frequencies  of  Visibilities  Below  3  Miles,  F^LStern  Sahara. 
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Visibililics  below  3  miles  are  much  more  common  in 
the  region’s  southern  third,  where  frequencies  are  ntore 
than  30%.  Abu  Kamed  and  Atbarah  see  more 
(hisl -related  low  visibilities  during  the  summer  than  at 
any  oilier  time  as  the  Mon.stKin  Trough  o.scillates  thnnigh 
the  area  every  day  throughout  much  of  Ju!y  and  August. 
Large-scale  movements  in  the  Monsoon  Trough  cause 
widespread  blowing  dust  or  duststorms  to  its  immediate 
south.  These  storms  can  last  for  several  hours,  raising 
enough  sand  and  dust  to  bury  roads  and  train  uacks. 

Farther  south,  thunderstorm  and  squall  line 
downdrafts  cause  duststorms,  usually  within  a  50  to 
250-mile  band  south  of  the  surface  Monsoon  Trough. 
These  storms  can  reduce  visibilities  to  l(X)  yards, 
affecting  an  area  150  miles  in  diameter  and  lasting  for 
less  than  an  hour.  Tropical  Squall  Lines  can  protluce 
"wails  of  dust"  that  arc  a  few  hundred  feet  high.  The.se 
severe  duststorms  are  called  "Haboobs"  in  Sudan.  They 
are  usually  most  severe  in  early  summer. 


Thunderstorm  precipitation,  most  common  south  of 
the  Mortsoon  Trougii,  may  briefly  lower  visibility  to 
below  a  mile.  Morning  fog  with  2-5  mile  visibilities  can 
form  after  n(x;tumal  showers.  Damp  ha7.e  with  4-6  mile 
visibilities  can  form  around  still  marshes  and  in  (he  Nile 
Valley.  Otherwise,  fog  and  damp  haze  are  very  rare  in 
the  Sahara. 

WINDS.  The  Azores  High  keeps  winds  blowing 
steadily  out  of  tlie  north  through  most  of  the  summer,  but 
south  of  20”  N  they  turn  to  northeasterly.  Southwesterly 
winds  prevail  south  of  the  Monsoon  Trough’s  surface 
position.  Surface  wind  speeds  range  from  5  knots  at 
Luxor  to  15  knots  at  Ghadames.  Winds  aloft  are 
primarily  northwesterly  to  northeasterly,  as  was  shown  in 
Figure  6-5.  Mean  wind  speeds  aloft  are  generally  below 
15  knots  because  the  axis  of  the  Subtropical  Ridge  is 
directly  over  the  region. 
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PRECIPITATION.  Summers  aie  dry  norlh  of  20°  N; 
most  stations  average  no  rain  at  all.  Precipitation 
increa.ses  slightly  in  the  northwest  comer  because  of 


orographic  lift  along  the  Nafu.sah  Mountains’  windward 
side,  but  even  here  average  rainfall  is  less  than  0.2  inches 
a  month. 
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Figure  6-16.  Mean  Summer  Monthly/Maximuni  24-hour  Precipitation,  Eastern  Sahara.  Isohyets 
represent  mean  .sea.sonal  rainfall  totals. 


South  of  20°  N,  the  Monsoon  Trough  produces  some 
rainfall  in  July  and  August  when  showers  develop  more 
than  1.^0  miles  south  of  and  parallel  to  the  surface 
I  rough.  Mons(H)n  Trough  air  is  .^,(KK)  to  5,(XK)  feet  (915 
to  1,525  meters)  deep  there-a  necessary  condition  for 
strong  convection.  Although  rainfall  is  rca.sonably 
predictable  .south  of  20°  N,  it  varies  widely  from  year  to 
year.  Nearly  70%  of  summer  rain  falls  from  only  two  or 
three  rainshowers  or  thunderstorms.  Monthly  rainfall 


totals  have  reached  5  inches  (125  mm)  at  some  ItKations, 
but  tliesc  amounts  arc  extremely  rare.  The  rare  heavy 
rain  can  produce  0.1  (3  mm)  to  1  inch  (25  mm)  in  an 
hour  and  cau.se  flash  floods.  Widespread  showers  witli 
embedded  thunderstorms  can  occur  when  flow  above  750 
mb  is  southerly  or  southeasterly.  Figures  6- 17a  and 
6- 17b  depict  flow  at  the  gradient  and  700-mb  levels  in 
such  a  case. 
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Slrong  squall  lines  with  cloud  tops  exceeding  55, (XM)  'rr.MPKRATlJRK.  June  and  July  are  holtesl  in  the 

leet  (16,7  km)  produce  thunderstorms  witlj  hail  and  south,  as  shown  in  Figure  6-18.  Mean  daily  highs  are 

Irequcnl  lightning.  A  strong  upper-level  equatorial  above  1(X)°  F  (.18°  C)  throughout  the  region  except  in 

moisture  surge  usually  causes  the  Monsoon  Trough  to  areas  within  2(K)  miles  of  the  Mediterranean  Sea.  They 

move  abnormally  northwtird,  resulting  in  rain  where  it  is  arc  as  high  as  1 1 1°  F  (44°  C)  at  Faya  Ltirgcau  in  June, 

least  expected.  Although  it  only  happens  every  20-50  The  highest  temperatures  occur  in  stagnant  air  masses 

years,  even  Kufra  can  get  a  heavy  downpour  in  August  before  northward  surges  of  cooler  Monsoon  Trough  air. 

when  the  Monsoon  Trough  surges  north  of  25°  N.  Extreme  highs  range  from  1 13°  F  (45°  C)  at  Ta/erbo  to 

Northern  Chad’s  Tibesti  Mountains  provide  some  131°  F  (55°  C)  at  Ghadames.  The  rare  observing  data 

orographic  uplift.  Normally,  the  Monstwii  Trough  is  not  available  indicates  that  temperature.s  reach  140°  F  (59° 

fiu  enough  north  to  produce  more  than  isolated  C)  in  the  remote  Sahaia.  Soil  surfaces  are  even  hotter, 

fair-weatlier  cumulus,  but  Tibesti  vegetation  suggests  Extreme  summer  lows  range  from  49°  F  (9°  C)  at  Jalu  to 

that  scattered  but  brief  showers  do  occur.  Although  there  70°  F  (21°  C)  at  Abu  Hamed. 

arc  no  observing  stations  in  the  mountains,  at  least  2 
inches  (50  mm)  is  likely  above  5,(KX)  feet  (1,525  meters) 
during  the  summer. 


Figure  6-18.  Summer  Mean  Daily  Maximum/Minimum  Temperatures  (F),  FZastern  Sahara. 
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(JKNKRAL  WEATHKR.  During  ihc  fall  ihc  Azores 
High  slowly  migrates  southward  toward  its  winter 
position.  Large-scale  northwesterly  low-  and  mid-level 
flow  returns  to  the  Eastern  Sahara,  The  Saharan  High 
rei)laces  the  Stiharan  Heat  Low  and  reinforces 
northwesterly  flow.  Southern  and  western  Libya  arc  the 
only  places  where  the  Saharan  Heat  Low  persists  through 
Octolwr.  Surface  heating  in  the  Saharan  interior  permits 
a  shallow  thermal  low-pressure  cell  to  maintain  cyclonic 
low-level  flow.  Cold  fronts,  cloudiness,  and  precipi¬ 
tation  begin  to  re-enter  the  region. 

As  the  Monsoon  Trough  migrates  rapidly  southward, 
the  unsettled  weather  (showers,  thundershowers,  and 
duststorms)  al.so  moves  south.  The  Trough  is  usually 
south  of  the  region  after  September. 


September-November 


SKY  COVER,  increasing  cyclonic  activity  increases 
mean  cloudiness  in  the  north  to  about  25%,  mostly  in  the 
northwest.  Cold  fronts  spread  cirrus  and  altocumulus 
(mostly  layered)  with  bases  above  10, (XX)  feet  (.'),()5() 
meters).  Cirrus  tops  are  often  above  40, (XX)  feet  (12  km). 
Altocumulus  castellanus  also  forms  along  the  cold  front, 
spreading  virga.  Cumulus  and  isolated  cumulonimbus 
also  ft)mi  along  the  cold  front;  bases  are  3,(X)0  to  6,(X)0 
feet  (915  to  1,830  meters).  Cumulonimbus  lops  are 
60,000  feel  (18  km).  Bases  may  lower  to  500  feel  (150 
meters)  in  heavy  thunderstorms.  Slratocumulas  may 
form  in  the  extreme  north  after  frontal  passage,  witli 
2,(XK)-  to  5.(XX)-fool  (610-  to  1,525-meler)  bases,  tops  to 
7,(XX)  feet  (2.1 35  meters).  The  cooler,  less  dry  air  allows 
.straUKumulus  and  cumulus  to  form  around  salt  marshes 
in  the  afternoon  and  after  frontal  passage;  ba.ses  are 
2,500  feet  (760  meters).  Siwa  and  Bahariya  arc  affected 
most,  as  .shown  in  Figure  6-19. 


Figure  6-19.  Mean  Fall  Cloudiness  (Isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Eastern  Sahara. 
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Cloudiness  decreases  in  the  soulh  lo  about  20%  as  the  Cumulonimbus  and  towering  cumulus  develop  within  a 

Monsoon  Trough  recedes.  The  Trough  alfccis  the  150-250  mile  band  south  of  the  surface  Monsoon  Trough 

southernmost  locations  in  September,  but  di.sappcars  by  where  mT  air  is  3, 000-5, (XX)  feet  (915-1,525  meters) 

mid-October,  leaving  almost  cloudle.ss  skies.  Cirrus  may  deep.  Tops  reach  60,(X)0  feet  (18  km), 

forni  in  outflow  from  cumulonimbus  or  along  the 

Tropical  Easterly  Jet.  Altocumulus  forms  near  the  Most  ceilings  are  above  3,000  feet  (915  meters),  and 

Mid-Tropospheric  Easterly  Jet  and  the  outflow  mo.st  low  ceilings  in  the  soutli  are  the  result  of  dust.  Fall 

boundatics  of  large  cumulonimbus  and  towering  stratus  is  rare,  but  it  may  form  after  a  heavy  September 

cumulus.  It  also  forms  in  continental  tropical  (cT)  rainfall  south  of  the  Monsoon  Trough. 

airmas.scs  that  slope  equatorward  over  maritime  dopical 

(mT)  air  along  the  Intcrlropical  Discontinuity.  Ba.scs  VISIBILITY.  Visibilities  are  best  during  the  fail 

average  15,(XX)  feet  (4,570  meters)  and  tops  reach  22,0(X)  because  the  synoptic-scale  disturbances  that  generate 

feet  (6,7(X)  meters).  Cumulus  forms  within  the  moist  mT  dasLstorms  are  absent.  The  Monsoon  Trough  leaves  the 

airma.ss  with  4,0(X)  to  8,0(X)-foot  (1,220- to  2,440-metcr)  subregion  by  October,  and  there  is  no  mid-latitude 

bases  and  tops  to  10,0(X)  feet  (3,050  meters),  cyclonic  activity  until  November. 


Figure  6-20.  Mean  Fall  Frequencies  of  Visibilities  Below  3  Miles,  Eastern  Sahara. 
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I'hc  (cw  insliuiccs  of  low  visibility  arc  primarily 
caused  by  blowing  dust  and  sand.  Duslslorms  form  with 
stiong  winds  around  cold  fronts,  most  often  in 
November.  The  transitory  high  behind  the  cold  front 
intensifies  the  Harmaltan  (northcastcrlics)  and  triggers 
Hamialtan  Haze  in  Chad.  Visibilities  can  drop  below  3 
miles  in  this  ha/.c  if  winds  are  strong:  they  can  drop 
below  a  tnilc  for  up  to  an  hour  with  sustained  winds  of 
.^0  knots  or  greater  if  conditions  are  dry. 

Frontal  showers  occur  in  November  at  stations  north 
of  a  line  running  from  Ghadames  to  Bahariya.  Fog  and 
damp  haze  may  develop  during  stable  conditions  near 
l(x;al  water  sources,  including  the  Nile  Valley  and  de.sen 
depressions  with  oa.ses  or  .salt  marshes. 


The  Monsoon  Trough  only  affects  the  region  in 
September  when  a  surge  of  .southwesterly  flow  pushes 
the  Trough  northward  over  Abu  Hamcd  and  Atbara  and 
triggers  widespread  duststorms  imiuodiatcly  .south  of  its 
.surface  position.  This  is  the  dominant  synoptic  situation 
that  lowers  visibilities  below  a  mile  in  the  northern 
Sudan. 

WINDS.  Surface  winds  assume  winter’s  pattern  as  the 
Saharan  High  builds  (Figure  6-21).  The  receding 
Monsoon  Trough  causes  Atbarah’s  wind  shift  from 
southwesterly  during  the  summer  to  northerly.  The 
northeasterlies  at  Faya  Largeau  are  enhance^  by 
channeling  through  nearby  canyons,  which  raises  mean 
wind  speeds  to  15  knots  in  the  fall.  Luxor’s  light 
northwesterly  winds  are  caused  by  the  steep  cliffs 
surrounding  the  Nile  Valley.  Surface  winds  tend  to 
funnel  along  the  valley  floor. 
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PRKC'II’ITATION.  Precipitation  is  concentrated  in  the  precipitation  greatly  exceeds  mean  precipitation  for  the 

north,  where  late  fall  fronts  produce  precipitation,  and  in  entire  month  at  most  stations.  Monsoonal  thunderstorms 

the  south,  where  the  the  receding  Monsoon  Trough  were  responsible  for  the  24-hour  rainfall  of  more  than  an 

produces  rainfall  south  of  21^  N  in  September.  Rainfall  inch  at  Atbarah  in  September.  Asyul’s  0.8-inch 

is  eiratic  over  the  entire  area.  Maximum  24-hour  maximum  rainfall  was  from  frontal  activity. 


Figure  6-22.  Mean  Fall  Monthly/Maxsmum  24-hvur  Precipitation,  Eastern  Sahara.  Isohyets 
represent  mean  seasonal  rainfall  totals. 
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'I'KMPKRATURK.  Mean  daily  highs  decrease  by  more 
than  15°  F  (6°  C)  through  the  fall,  but  they  increase 
between  August  and  September  in  the  south  as  the 
Monsoon  Trough  recedes  and  the  cloud  cover  decreases. 


Record  temperatures  range  from  108°  F  (42°  C)  at  Kufra 
to  122°  F  (50°  C)  at  Ghadames.  Late  fall  polar  surges 
produced  record  lows  of  27°  F  (-3°C)  at  Siwa  and  54°  F 
(12°C)  at  Abu  Hamed. 
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Chapter  7 

SOUTHERN  CHAD  AND  SUDAN 

This  region  includes  those  parts  of  Chad,  Sudan,  and  western  Fthiopia  that  are  south  of  the  Sahara.  After  describing 
the  area’s  situation  and  relief,  this  chapter  discusses  "general  weather  conditions"  by  season. 
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(JK()(JRAPHY.  The  entire  region  lies  above  650  feet 
(2(K)  meters).  It  is  dominated  by  plateaus  dissected  with 
dry  intermittent  stream  beds  or  wadis.  Isolated  mountain 
ranges  rise  to  heights  greater  than  10,000  feet  (3,050 
meters).  The  Sudd,  in  southern  Sudan,  is  a  sea.sonal 
drainage  basin  that  covers  50,000  square  NM. 

Jabal  Marrah  is  the  highe.st  point  in  the  Mairah 
Mountains  at  10,073  feet/3,071  meters.  It  overlooks 
west-central  Sudan’s  Darfur  Highlands,  a  tolling  plateau 
that  covers  138,150  square  NM.  The  smaller  and  less 
extensive  Quaddai  and  Guera  mountain  ranges  run  norllt 
to  south  along  the  Chad/Sudan  border  west  of  the  Darfur 
Highlands.  Quaddai  Range  elevations  are  between  4,200 
and  4,900  feet  (1,280  and  1,495  meters);  in  the  Guera 
Range,  elevations  rise  to  5,900  feet  (1,800  meters). 

The  Nuba  Mountains  lie  south  of  the  Darfur 
Highlands.  They  contain  old  weathered  hills  at  heights 
from  3,000  to  4, (XX)  feet  (915  to  1,220  motel’s). 
Intermittent  streams  flow  toward  the  While  Nile  and 
create  large,  silt-covered  fans  on  the  desert  floor. 

The  northern  Imatong  Mountains  in  extreme 
southeastern  Sudan  divide  the  extensive  marshlands  of 
the  Sudd.  Mount  Kinyeli,  on  the  northern  edge  of  the 
imatong  Mountains,  is  the  region’s  highest  peak  (10,456 
fcct/3,187  meters);  it  extends  from  Konya  and  Uganda 
northward  into  extreme  southea.stcrn  Sudan.  Only  400 
square  NM  of  this  mountain  range  (including  Mt 
Kinyeli  )  lies  inside  the  study  area. 

DRAINAGE  AND  RIVER  SYSTEMS.  The  largest 
drainage  system  in  the  region  is  the  Nile.  It  combines  the 
Blue  Nile  (source:  Lake  Tana  in  the  Ethiopian 
Highlands)  and  the  White  Nile  (source;  Lake  Victoria). 

The  While  Nile  descends  1,970  feet  (600  meters)  as  it 
Hows  northward  to  the  Sudd.  It  loses  over  half  its 
discharge  to  evaporation  before  reaching  the  Blue  Nile  at 
Khartoum.  The  Sudd  floods  annually  when  wet  season 
rains  raise  the  While  Nile  several  feel  above  flood  stage. 
Major  tributaries  of  the  White  Nile  include  the  Ghazal, 
Sobat,  Jur,  and  Akobo. 

As  the  Blue  Nile  flows  northwestward  from  the 
I  thiopian  Highlands  toward  Khartoum,  it  ciiLs  sleep 
gorges  into  the  lower  Uxithills  of  the  Ethiopian 
Highlands,  riierc  is  a  large  dam  at  Roscircs,  Sudan.  The 
rivet’s  length  from  Roscircs  to  Khartoum  is  about  4(X) 
NM  South  of  Khartoum,  there  is  an  extensive  canal 
system  that  links  the  Blue  and  While  Nile.  It  provides 


navigation  and  irrigation  throughout  the  adjacent 
countryside. 

The  Chari  River  and  its  main  u-ibufary,  the  Logone, 
are  Chad’s  major  waterways.  The  Chari  flows  northwest 
and  north  500  NM  from  Saih  (Fort  Archambault)  to 
N’Djamena;  it  forms  the  border  with  Cameroon  as  it 
enters  the  .southern  part  of  Lake  Chad.  At  times  of  high 
water,  two  channels  branch  off  the  main  stream,  one 
rejoining  the  Chari  downstream,  the  other  emptying  into 
the  large  swamplands  near  Lake  FilU’i  (13°  N,  17°  E). 
The  Logone  River  flows  240  NM  northwestward  in  Chad 
before  meeting  the  Chari  at  N’Djamena  (Ft  Lamy).  Both 
rivers  are  navigable  for  small  steamers  north  of  1 1°  N 
during  the  wet  season. 

LAKES  AND  RESERVOIRS.  Lake  Chad  is  the  fourth 
largest  water  body  on  the  African  continent.  Its  surface 
area  varies  sea.sonally  from  3,800  to  9,950  square  NM. 
Ihe  variations  arc  the  result  of  seasonal  rainfall  and 
diticharge  from  the  Logone  and  Chari  Rivers.  Dike 
Chad,  a  fresh- water  source,  is  787  feel  (240  metei  .s) 
above  sea  le  /cl  at  its  lowest  point. 

The  Bodeic  Depression  (about  9,(XX)  square  NM)  lies 
to  the  northeast  of  Lake  Chad.  Its  basin  averages  820 
feel  (250  meters)  above  sea  level  and  occasionally  fills 
from  the  flooded  Chari  River.  Its  southern  edge  lies 
within  the  study  area. 

VEGETATION.  Well-developed  woodland  and 
wooded  grassland  (savannah)  grow  in  areas  with  greater 
than  20  inches  (5(X)  mm)  of  rainfall  a  year  in  the  south. 
Small  areas  of  tropical  rain  forest  flourish  along  the 
Cameroon  and  Zaire  borders. 

Between  12°  and  14°  N,  there  is  a  transition  from 
uopical  savannah  to  semideserl  steppe.  In  the  very  dry 
extreme  north,  scattered  scrub  vegetation  grows;  this 
aiea  marks  the  southern  limits  of  the  Sahara.  The 
,semiiic.serl  slcpiie  contains  thorn  trees.  Large  .shrubs 
with  only  scattered  trees  are  the  dominant  forms  of 
vegciaiion  above  3,(XX)  feet  (915  meters). 

Extensive  marsh  vegetation  grows  in  low-lying  areas 
such  as  the  Sudd,  as  well  as  in  the  areas  around  most 
rivers  and  lakes.  Most  of  lhe.se  areas  liecomc 
savjuinah-open,  treeless  grassland-during  the  dry 
season.  By  the  end  ol  the  dry  season,  most  grass  appears 
to  be  dead.  Tlie  area  along  the  While  Nile  between  5° 
and  10°  N  is  permanent  swampland. 
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Figure  7-ib.  Climatologiral  Summaries  fur  Two  Stations  in  Southern  Chad  and  Sudan. 
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(JKNKRAL  WEATHER.  Tlie  dry  season  is  dominated  40, (MK)  to  50, (XK)  feel  (12  to  15  km)  MSL.  AIKkuitiuIus 

by  northeasterly  surface  Mow  from  the  Saluu-an  Hi};h  and  bases  range  from  I0,(KX)  to  !8,(XX)  feel  (3,050  to  5,485 

up|K'r-lcvcl  westerlies.  Conditions  arc  stable  except  in  meters)  MSL  and  I, ()(X)  to  2, (KX)  feet  (305  to  610  meters) 

the  extreme  south  where  .shallow  equatorial  moisture  in  thickness.  Altocumulus  casicllanus  ba.scs  range  frotii 

prrHiuccs  isolated  showers  ass<x;ialcd  with  a  brief  8,(XK)  to  15, (KX)  feel  (2,440  to  4,570  meters)  MSL,  with 

Monsoon  Trough  surge  to  5“  N  in  early  November  and  tops  to  40,000  feel  (12  km)  MSL;  virga  may  fall  from 

late  February.  Diurnal  showers  arc  widely  .scattered.  these  clouds.  Fair-weather  cumulus  may  develop  with 

intense  afternoon  healing  in  northern  Sudan;  bases  are 
SKY  COVER.  Dry  season  cloudiness  is  lowest  of  the  between  4,(X)0  and  8,0(X)  feet  (1,220  and  2,440  meters); 

year.  The  mettn  cloud  cover  pattern  (Figure  7-2)  shows  a  average  lhickne.ss  is  2,000  feet  (610  meters), 

distinct  north-io-souih  distribution,  with  20%  in  the  north 

and  60%  in  the  south.  The  increase  to  the  south  is  During  November  and  late  February,  southern 
caused  by  equatorial  moisture  advection  and  diurnal  Sudan’s  exposure  to  mT  air  generates  increased  diurnal 

convection,  ronlinenla!  tropical  (cT)  air  dominates  most  cloud  cover  in  the  form  of  afternoon  fair-v/calher 

of  the  area,  except  for  a  small  area  near  Juba  in  cumulus  with  bases  from  4,(XK)  to  8,0(X)  feet  (1,220  to 

November  and  late  February  when  maritime  tropical  2,440  meters).  Altocumulus  and  cirrus  lorm  in 

(mT)  air  dominates.  The  cT  air  originates  in  the  Sahara  cross-equatorial,  southern  hemispheric  flow  with  bases 

and  is  dry  below  10,000  feet  (3,050  meters)  MSL.  As  a  that  range  from  12,000  to  20,(K)0  feet  (3,660  to  6,100 

result,  significant  cloud  cover  is  rare  during  the  dry  meters)  MSL. 

season,  but  altocumulus  and  cirrus  accompany  intense 

co'd  fronts;  cumulus,  cumulonimbu.s,  and  altocumulus  Ceilings  below  3,(K)0  feel  (915  meters)  arc  very  rare 
casicllanus  occasionally  accompany  a  rare  November  during  the  dry  sea.son,  as  shown  in  Figure  7-2;  however. 
Atlas  Low'.  dust  obscures  skies  before  and  after  cold  front  passage  in 

northern  sections.  Such  rare  dust-generated  low  ceilings 
Cirrus  is  reported  at  or  above  20,(X)0  feel  (6  km)  MSL  arc  usually  reported  at  100  to  800  feel  (30  to  245  meters), 

but  is  only  about  400  feet  (120  meters)  thick.  Cirrus  Afternoon  cumulus  ceilings  at  1.500  to  2,500  feel  (455  to 

"blow-off  with  frontal  thunderstorms  may  be  thicker  760  meters)  have  been  reported  in  southern  Sudan  and 

( 1 .000  to  2,(XX)  feet/3()5  to  610  meters)  with  bases  from  Chad,  but  rarely. 


Figure  7-2.  Mean  Dry  Season  Cloudines.s  (Isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  .Southern  Chad  and  Sudan. 
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VISIhlLITY.  riie  primary  dry  season  visibilily 
rcslriclions  are  blowing  clusl  and  dust  haze.  Dry  soil 
conditions  near  Khartoum,  N’Djamena,  and  Moundou 
provide  noticeable  low  visibility  frequency  distributions 
in  the  region  (Figure  7-3).  All  these  stations  arc  in  river 
valleys  and  dry  kike  beds  with  plenty  of  fine  silt.  Rocky 
or  moist  areas  like  Am  Tirnan’s  rocky  highland  and 
Wall’s  swampland/, savannah  see  very  few  low 
visibilities. 

Fog,  moisture  haze,  and  precipitation  only  (Kcur  south 
of  10°  N,  but  they  rarely  lower  visibility.  Frequency  of 
visibilities  Irelow  3  miles  varies  from  37%  at  N’Djamena 
just  after  sunrise  to  0%  in  the  afternoon  at  Juba  and  Wau. 


Dominant  cT  air  carries  Sahara  dust  and  sand  into  the 
region.  Dust  haze  reduces  visibilities  to  3-6  miles  on  an 
average  of  8  to  18  days  a  dry  season.  Polar  surges 
behind  intense  cold  fronts  reinforce  the  Saharan  High 
and  lighten  the  surface  pressure  gradient  between  the 
front  and  the  Monsoon  Trough.  Strong  northeasterlies 
produce  Harmaltan  conditions  (which  see);  lhc.se  affect 
Chad  and  western  Sudan  for  periods  of  1  to  4  days. 

Khartoum  and  El  Obeid  have  duststorm  activity  with 
strong  northwesterly  winds  behind  active  cold  fronts. 
Deep  upper-level  houglis  bring  significant  polar  air 
advection  southward  into  central  Sudan,  while  turbulent 
mixing  at  the  suiface  lowers  visibilities  to  1  mile  for 
short  periods. 


Figure  7-3.  Mean  Dry  Season  Frequencies  of  Visibilities  Below  3  Miles,  Southern  Chad  and  Sudan. 


WINDS.  Under  the  Saharan  High’s  influence,  winds  arc 
northerly  to  northeasterly  In  Sudan,  strong  subsidence 
from  the  Subtropical  Ridge  combines  with  blockage 
liom  the  Ethiopian  Highlands  to  provide  the  constant 
northerly  wmds  shown  in  Figure  7-4. 


Aloft,  winds  back  lO  westerly  under  the  Subtropical 
Ridge’s  influence  in  the  north,  but  easterly  flow  persists 
in  the  south-see  Figures  7-5a-c.  This  flow  allows  an 
intense  upper-level  disturbance,  to  occasionally  affect 
Sudan. 


7-6 


SOUTHERN  CHAD  AND  SUDAN 

DRY  SEASON 


November-February 


Figure  7-4.  January  Surface  Wind  Roses,  Southern  Chad  and  Sudan.  Note  the  separate  "percent  frequency" 
scale  used  for  Juba. 


Figure  7-5a.  Upper-level  Annual  Mean  Wind  Direction,  Khartoum,  Sudan.  Note  that  the 
wind  direction  axis  has  been  shifted  to  start  at  180  degrees. 
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Figure  7-5b.  Upper-level  Annual  Mean  Wind  Direction,  N’Djamena,  Chad. 


Jcisi  c  =  3  ‘^PR  r-var  JUN  JUL  piUB  SEP  OCT  NOV  I'EC 

Figure  7-5c.  Upper-level  Annual  Mean  Wind  Direction,  Sarh,  Chad. 
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Wind  direclion  at  30, (XX)  feel  (9  km)  (Figure  7-6)  is  good  outflow  mechanism  for  isolated  convection  soutit 

dominated  by  the  Subtropical  Ridge.  Westerly  flow  is  of  5°  N  where  low-level  moisture  remains  abundant, 

variable  from  west-southwest  to  west-northwest  in  any  Wind  speeds  at  30,000  feet  (9  km)  range  from  20  to  38 

given  month;  it  persists  throughout  the  dry  season  north  knots,  but  speeds  are  higher  at  El  Obeid  and  Khartoum 

of  the  Subtropical  Ridge.  November  upper-level  because  of  their  proximity  to  the  Subtropical  Jet  Stream, 

easterlies  are  found  in  the  extreme  south;  they  provide  a 


Figure  7-6.  (Mean  Annual  30,000-foot  (9  km)  Wind  Direction,  Southern  Chad  and  Sudan.  Note  that  the  wind 
direction  axis  has  been  shifted  to  .start  at  180  degrees. 


PRFXIPITATION.  Dry  season  precipitation  is  rare  Ihunderslorms-see  Figure  7-8.  Thunderstorms  lops  are 

except  for  brief  surges  of  equatorial  moisture  in  above  40,(X)0  feel  (12  km)  MSL. 

November,  early  December,  or  February.  As  shown  in 

Figure  7-7,  mean  precipitation  averages  le.ss  than  1  inch  Upper-level  polar  troughs  in  the  Mediterranean  Sea 
(25  mm)  in  the  dry  season  except  at  Juba,  which  gets  1.4  area  are  too  dry  and  weak  to  penetrate  southern  Chad  and 

inche.s/35  mm  in  November.  Sudan.  Precipitation  is  rarely  recorded  north  of  7°  N  in 

Chad.  Light  snow  is  possible  on  the  highest  peaks  of  the 
Maximum  24-hour  rainfall  occurs  with  intense  polar  Marrah  Mountains- polar  outbreaks  strong  enough  to 

fronts  north  of  12°  N  and  with  isolated  convection  in  the  produce  snow  occur  once  every  50  to  75  years, 

south,  where  the  Monsoon  Trough  generates  isolated 
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Fi(>ur«  7-7.  Mean  Dry  Season  Monthly/Maximum  24-hour  Precipitation,  Southern  Chad  and  Sudan.  Isohyets 
represent  mean  seasonal  rainfall  totals. 
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Figure  7-8.  Mean  Dry  Season  Thunderstorm  Days,  Southern  Chad  and  Sudan. 
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I'KMPKRATLIRE.  Dry  season  mean  daily  highs  range  and  1 13“  F  (45°  C)  al  Moundou.  Mean  daily  lows  range 

from  89°  lo  1(M°  F  (32°  to  40°  C).  Abeche's  mean  daily  from  50°  F  (10°  C)  al  El  Fasher  to  7 1°  F  (22°  C)  al  Jnba; 

highs  (Figure  7-9)  average  100°  F  (38°  C)  or  bellcr  subfree/.ing  lemperatures  have  been  observed  al  El  Obcid 

throughout  ihc  dry  season.  In  January,  the  diurnal  and  in  ihe  Marrah  Mountains.  Record  lows  include  31° 

leiriperalurc  range  is  greater  than  40°  F  (23°  C).  Record  F  (-1°  C)  at  El  Obeid  and  50°  F  (10°  C)  at  Sarh.  Most 

highs  include  106°  F  (41°  C)  at  El  Fasher  in  February  stations  never  report  less  than  40°  F  (4°  C). 
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Figure  7-9.  Mean  Dry  Sea.son  Daily  Maximum/Minimum  Temperatures  (F),  Southern  Chad  and  Sudan. 
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(il'’NKRAL  WEATHER.  Variable  weather  during  the 
Iransiiioii  is  caused  by  the  Monsixrn  Trough’s  slow 
Tniontli  migration  northward  across  the  region.  The 
rrough  moves  (asicst  in  extreme  eastern  Sudan  and 
western  Ethiopia  because  of  topography.  During  the 
transition,  the  Trough  oscillates  northward  every  to  5 
days,  then  retreats  southward  for  20  to  30  NM  for  about  a 
day  before  another  northward  surge.  The  return  of  the 
wet  season  follows  Trough  passage  by  2-4  weeks. 
Ihccipitation,  cloudiness,  and  surface  wind  shills  affect 
the  entire  region  by  late- May.  Wet  conditions  are 
csUiblished  at  Wait,  Juba,  and  Moundttu  in  March,  and  at 
Khartoutn,  El  Fasher,  and  El  Obeid  in  May.  Wetter 
conditions  develop  after  southerly  winds  are  csutblishcd 
Ibr  4  to  6  days  in  succe.ssion. 

Another  important  transition  feature  is  the  Subtropical 
Ridge  Early  in  the  transition,  easterly  flow  aloft  is 
established  in  the  extreme  south,  where  there  is  good 
outflow  Ibr  susUiined  convection.  Westerly  flow  aloft 
persists  north  of  the  Subtropical  Ridge.  By  late  May, 
easterly  flow  at  the  mid-  and  upper-levels  establishes 
deep  convection  through  most  of  the  region. 

SKY  COVER.  The  Mon.soon  Trough’s  northward 
migration  increa.ses  tnean  cloudiness  .south  of  the 


Trough’s  axis,  which  separates  continental  tropical  (cT) 
air  from  maritime  tropical  (mT)  air.  North  of  the  trough, 
cloud  cover  patterns  are  similar  to  dry  season 
conditions-see  Figure  7-10.  At  Juba,  Wau,  and  Sarh, 
moist  .southerly  mT  air  surges  northward  to  14°  N  by  late 
May  to  result  in  still  more  cloudiness. 

Ail  cloud  types  are  found  in  the  mT  air  mass.  Cirrus 
develops  as  outflow  "blow-off"  from  cumulonimbus  or 
within  upper-level  easterly  flow  south  of  the  Subtropical 
Ridge.  By  late  May,  altocumulus  reappears  near  the 
Mid-Tropospheric  Easterly  Jet  (MTEJ)  and  100  to  200 
NM  south  of  the  surface  Mon.soon  Trough.  Afternoon 
heating  produces  fair-weather  cumulus  south  of  the 
Monsoon  Trough;  this  can  grow  into  towering  cumulus 
and  cumulonimbus  if  enough  moisture  reaches  700  mb. 

Cirrus  is  reported  at  or  above  20,000  feet  (6  km) 
MSL,  but  thunderstorm  blow-off  reaches  40,000  to 
60,000  feet  (12  to  18  km)  MSL  and  is  1.000  to  1,700  feet 
(305  to  520  meters)  thick.  Altocumulus  bases  are  from 
10,000  to  18,000  feet  (3,050  to  5.485  metcr.s),  with  tops 
to  20,000  feet  (6  km)  MSL  north  of  the  surface  Monsoon 
Trough.  Altocumulus  in  mT  air  forms  from  15,(K)0  to 
25,0(K)  feet  (4,570  to  7,620  meters),  with  tops  to  27,000 
feet  (8,230  meters)  MSL, 


Eigure  7-10.  Mean  Dry-to-Wet  Transition  (.Toudiness  (I.sopleths)  and  Frequencies  of  Ceilings  Below  3,000 
Feet  (915  meters),  Southern  Chad  and  Sudan. 
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l  air  woatlior  cumulus  bases  range  liom  4,(XK)  to  8,(KK) 
led  (1,22(1  to  2,440  meters)  in  mT  air  and  are  generally 
2,(KK)  led  (610  meters)  thick.  Cumulonimbus  with  lops 
to  60,(KK)  feel  (18  km)  and  lowering  eumulus  with  tops  at 
30,()(X)  feel  (9  km)  can  form  with  deep  low-level 
moisture  support.  Heavy  thunderstorm  clouds  may  have 
bases  at  5(X)  feet  (150  meters). 

Ceilings  below  3,000  feel  (915  meters)  can  occur 
along  the  Monsoon  Trough,  but  rarely.  Blowing  dust 
produces  ob.scuralions  along  the  Trough  axis  witfi 
ceilings  from  200  to  1,(K)0  feel  (60  to  305  meters). 

Afternoon  cumulus  with  bases  from  1,500  to  2,500 
fed  (450  to  750  meiens)  forms  between  Moundou  and 
Juba.  By  late  May,  these  clouds  may  occur  throughout 
the  region  as  the  surface  Monsoon  Trough’s  mean 
po.silion  .shifts  north  of  16"  N.  Heavy  late-sea.son  rainfall 
can  prcxlucc  moi.sturc  haze  and  thin  fog  in  the  dense 
jungles  of  southern  Sudan  and  Chad.  The  areas  .south  of 
Sarh  and  Wau  have  cumulus  ceilings  15-25%  of  the  lime, 
usually  between  5,000  and  7,000  feet  (1,525  and  2,135 
meters). 


VISIHILITY  is  a  function  of  Mon.stnm  I'roiigh  |K)sition. 
Sudden  surges  often  increu.se  surface  Ilow  to  10  knots  or 
greater  for  3  to  9  hours;  gusts  can  ctury  dust  and  sand 
along  the  Trough  axis  and  reduce  visibility  to  le.ss  than  3 
miles. 

Polar  siirge.s  behind  Allas  Low  cold  fronts  reinforce 
northerly  flow  across  the  Sahara  and  often  form  dense 
dust  haz.e  that  reduces  visibility  to  3-6  miles.  Polar 
surges  increase  the  surface  pressure  gradient  north  of  the 
Monsoon  Trough  and  result  in  strong  norlheaslcrlics  that 
produce  Harmaltan  Haze  (which  see);  local  visibilities 
may  be  reduced  to  a  mile  or  less. 

Northward  surges  in  the  Monsoon  Trough  can 
produce  blowing  dust  or  sand  depending  on  soil 
condition  and  wind  speed.  Wind  speeds  greater  than  10 
knots  are  common  1  to  3  hours  before  a  northward  surge. 
Ground  fog  forms  after  a  heavy  rain.  Visibilities  can 
approach  zero  in  thunderstorm  downbursLs  at  Juba  and 
Moundou  in  March,  and  at  Khartoum  or  Abeche  in  late 
May. 
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Figure  7-11.  Mean  Dry-lo-Wet  Transition  Frequencies  of  Visibilities  Below  3  Miles,  Southern  Chad  and 
Sudan. 
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Soil  condition  is  also  a  determinant  of  visibility. 
Dense  vegetation,  such  as  at  Juba,  or  rtKky  highlands, 
like  those  at  Am-Timan,  result  in  low  frequencies  of 
visibilities  below  3  miles.  Precipitation  or  fog  cause 
nearly  all  low  visibilities  south  of  the  Monsoon  Trough 
except  for  around  Khartoum  and  N’Djamena,  where 
strong  winds  lift  soil  easily  whenever  it  is  not  saturated. 

As  the  Mon, soon  Trough  moves  northward,  dry  soil 
conditions  (and  increa.sed  chances  for  duststorms)  also 
move  northward.  Subsoil  moisture  and  vegetation 
increase  with  rainfall  south  of  the  Trough.  Low-level 
convective  instability  causes  diurnal  variations  in 
visibilities  less  than  3  miles. 


WINDS.  Mean  surface  wind  speeds  vary  from  6  to  12 
knot.s-dircctions  depend  on  Mon.soon  Trough  position. 
The  high  variability  of  N’Djamena’s  winds,  shown  in 
Figure  7-12,  indicates  that  the  Trough  fluctuates  around 
this  station  in  April.  F.arly-season  southerly  surface  flow 
is  persistent  at  southern  stations.  Strong  surface  winds 
(IS  knots  or  greater)  frequently  occur  with  mid-latitude 
frontal  passages  over  the  Sahara.  Northeasterly  flow 
penetrates  southward  to  N’Djamena,  Ati,  and  El  Fasher 
24  to  48  hours  after  the  frontal  passage. 

Winds  aloft  nlso  reflect  the  Monsoon  Trough’s 
northward  progression,  as  shown  in  Figures  7-5a-c. 
Northern  stations  .see  dry  northerlies  at  5,000  feet  (1,525 
meters)  until  mid-May. 
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Figure  7-12.  April  Surface  Wind  Roses,  Southern  Chad  and  Sudan. 


PRECIPITATION.  Figure  7-13  shows  mean  monthly 
precipitation.  The  rapid  increase  in  rainfall  in  May 
shows  that  deep  low-level  moisture  is  c.stablished. 
Heavy  convective  rainfall  dcx;s  not  occur  until  the 
surface  Trough  position  is  50  U)  250  NM  north  of  the 


station.  Thunderstorms  and  squall  lines  initially  develop 
in  April,  but  squall  line  activity  is  not  well  organized 
until  late  May  when  the  Ml’EJ  is  established".see  Figure 
7-14.  Tops  can  exceed  50,000  feet  (15  km)  MSL  by 
May. 
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Figure  7-13.  Mean  Dry-to-Wet  Transition  Monthly/Maximumi  24-hoiir  Precipitation,  Southern  Chad  and 
Sudan.  Isohyets  represent  mean  seasonal  rainfall  totals. 


MAR/APR/MAY  -> 
0/  •/  5 


El  Fashsr 
★ 

MAR/APR/MAY 
*/  */3 


Khartoum 

MAR/APR/MAY  Ka.aa 
0/0/3 


Kasaala^  M 

MAR/APR/MAY 
•/  1/  3 


h^R/APR/MAY 
1/  8/  11 


Month ;MAR/APR/MAY 
#  Storms 


Wau  /  « 

k  *  L  } 

W  MAR/APR/MAY 
2/  5/  12 

MAR/APR/MAY 
5/  10/  13 

_  •'r  ^ 


- - t  •  is  lass  than  0.5  days 

15E _  20 _ 25  30  35 


Figure  7-14.  Mean  Dry-to-Wet  Transition  Thunderstorm  Days,  Stmthern  Chad  and  Sudan. 
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'I  KIVIPKRA'I'URE.  The  mean  daily  highs  shown  in 
Figure  7-15  are  similar  lo  wel  season  temperatures  south 
of  II”  N  because  mean  cloud  cover  distributions  are 
similar.  Most  southern  stations  record  their  warmc.st 
temperatures  of  the  year  in  March  and  April;  mean  daily 
highs  increase  by  4°  to  8°  F  (2°  to  5”  C)  from  those  of 


the  dry  season,  ranging  from  92°  to  1 11°  F  (33°  to  44° 
C).  Record  highs  include  1 1 1°  F  (44°  C)  at  Juba  to  117° 
F  (47°  C)  at  Khartoum  and  N’Djamena.  Mean  daily 
lows  range  from  58°  F  (14°  C)  at  El  Fasher  in  March  to 
78°  F  (26°  C)  at  Khartoum  in  May.  Record  lows  are  40" 
F  (4°  C)  at  El  Fasher  and  60°  F  (16°  C)  at  Sarh. 


Figure  7-15.  Mean  Dry-to-Wet  Transition  Daily  Maximum/Minimum  Temperatures  (F),  Southern  Chad  and 
Sudan. 
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(JENKRAL  WEATHER.  The  Monsoon  Trough  stays 
just  north  of  southern  Chad  and  Sudan  throughout  the 
wet  season,  causing  scattered  showers  and  thunder¬ 
storms.  Wet-season  weather  is  dominated  by  synoptic 
and  mesoscalc  disturbances  caused  by  mid-level 
insUtbility  (the  Mid-Tropospheric  Easterly  Jet-MTEJ- 
and  African  Waves)  and  the  Monscon  Trough.  The 
MTEJ,  normally  between  13°  and  15°  N,  produces  local 
vorticity  maxima  through  horizontal  shearing  around  650 
mb.  Wet-season  disturbances  include  Tropical  Squall 
Lines,  Habtxtbs,  and  isolated  convection  near  the  MTEJ. 


Larger  .scale  Easterly  Waves  propagate  westward 
between  10°  and  15°  N,  frequently  spreading  cloudiness 
and  precipitation  between  late  June  and  mid-September. 

SKY  COVER.  The  wet  season  is  cloudiest  of  the  year. 
The  highest  mean  cloud  cover  percentages  are  between 
N’Djamena  and  Damazine  (Figure  7-16).  This  pattern  is 
caused  by  the  jxirsistence  of  the  MTEJ  and  the  Tropical 
Easterly  Jet  at  200  mb.  Both  jets  provide  considerable 
amounts  of  altocumulus  and  cirrus. 


Figure  7-16.  Mean  Wet  Season  Cloudiness  (I.sopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Southern  Chad  and  Sudan. 


The  inT  air  south  of  the  surlace  Monsixrn  Trough 
produces  convective  clouds  in  the  morning.  Fair-weather 
cumulus  (about  2,000  feet,'610  meters)  thick)  forms  from 
diurnal  instability;  bases  range  from  4,000  to  8,000  feet 
(1,220  to  2,440  meters).  Mid-level  disturbances  or 
Easterly  Waves  trigger  greater  cumulus  development 
throughout  the  day,  but  the  MTEJ  provides  the  mid-level 
divergence  ncccs.sary  for  increa.sed  cloud  development. 
Heavy  convection  in  a  large-s  ale  African  Wave,  which 
causes  v  estward-moving  squall  lines  to  develop,  is 
common  from  late  June  to  mid-Septernbe.'^  Ixitwecn  1.3° 
and  15°  <  and  15°  to  30°  E.  Cumulonimbus  tups  reach 
6().(KK)  cct  (18  km)  MSL;  towering  cuniuhis  rca<  hes 
only  half  that.  Bases  arc  about  the  .same  as  fair-weather 


cumulus.  Altostratus  and  stratocumulus  decks  form  in 
the  wakes  of  squall  lines  with  bases  between  8,(K)0  and 
12,000  feet  (2,440  and  3,660  meters)  and  tops  to  20,(KX) 
feet  (6  km)  MSL. 

Stratus  is  rare,  but  it  can  form  in  the  early  morning 
after  heavy  rains;  ba.ses  are  2(X)-I,0(K)  feel  (60-305 
meters).  Thin  fog  usually  dissipates  after  sunrise. 

Frequency  distributions  of  ceilings  below  3,(XX)  feet 
(915  meters)  arc  13%  or  less  throughout  the  region 
(Figure  7-16).  Midday  (13(X)  LST)  pcrceinages  at 
Moundou  and  Sarh  rellcct  abundant  low-level  moisture. 
Elsewhere,  low  ceilings  result  from  isolated  cumulus  and 
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morning  slralocumulus.  Lowest  ceilings  range  from 
1 ,2(K)  to  2,5(X)  feel  (365  to  760  meters).  Daytime  heating 
can  lift  morning  cloud  bases  to  8,0(K'  feet  (2,440  meters): 
turbulent  surface  mixing  can  dry  out  the  lower  layers  in 
all  bill  a  lew  extremely  saliirated  surfiKc  conditions. 
Dust  is  llie  primary  cause  ol  ceilings  below  .3,(KKI  feet 
(915  meters)  at  El  Fasher,  Khartoum,  and  Kassala; 
however,  heavy  squail-linc  showers  occasionally  result  in 
low  ceilings  from  June  to  August.  Often,  dust  and  sand 
lifted  ahead  of  a  squall  line  can  be  observed  30  minutes 
before  it  reaches  the  station.  Low  ceilings  rarely  last 
more  than  an  hour. 


Near-zero  visibility  is  possible  during  thunderstorms. 
Light  rain,  drizzle,  and  fog  can  occur  with  mT  air  in  the 
stable  post-squall  environment;  visibility  can  be  reduced 
to  less  than  3  miles  for  6  to  8  hours.  Downbursts  and 
strong  gust  fronts  in  June  squall  lines  develop  walls  of 
du.st  (known  us  llaboobs  in  Sudan)  that  can  lower 
visibility  to  zero.  Early  morning  fog  and  damp  haze 
form  after  a  heavy  nocturnal  rainshower  in  the  Darfur 
Highlands,  the  Sudd,  and  tropical  forests  of  Southern 
Chad,  but  dissipate  quickly  after  sunrise.  Bases  are 
8{X)- 1,200  feet  (245  to  365  meters);  thickness  rarely 
exceeds  2(X)  feet  (60  meters). 


VI.SIBILITY.  Considering  '.he  high  mean  cloudiness 
and  abundant  moisture,  wet  season  visibilities  are 
generally  g(X)d.  The  moist  mT  air  mass,  however,  does 
cause  some  fog,  thunderstorms,  and  damp  haze. 
Dusisiorms  (Kcur  at  Khartoum,  Kassala  and  El  Fasher, 
but  few  are  observed  in  July  or  August  during  peak 
st|uall-line  activity.  Bccau.se  the  soil  is  wetter,  little  dust 
or  sand  is  raised  when  speeds  arc  less  than  15  knots. 


Frequency  of  visibilities  below  3  miles  is  less  than  4% 
during  any  month  of  the  wet  season  except  at  Khartoum; 
there,  the  frequency  can  be  as  high  as  11%  bccau.se 
Khartoum  is  located  near  the  confluence  of  the  Blue  and 
White  Nile,  where  there  aie  vast  amounts  of  fine,  silty 
soil  and  moisture.  Squad  lines  in  July  and  August 
produce  some  blowing  dast,  but  visibilities  below  3 
miles  rarely  last  (or  more  than  an  hour.  Low  visibilities 
at  all  other  stations  arc  atU’ibuted  to  heavy  rain  and 
blowing  dust. 
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WINDS.  Wet-season  mean  surface  winds  arc 
southwesterly  at  4  to  10  knots.  Wiuds  above  15  knots 
result  from  .squall  lines  and  heavy  isolated  convection; 
gusts  can  be  greater  than  40  knots. 

Mean  low-  and  mid-lcvc!  wind  directions  (Figure  7-5 
a-c)  illustrate  the  persistence  of  soudiwesterlies  witJr  the 
Monsoon  Trough  at  5,0(X)  feet  (1,520  meters).  The 


15,(K)0-foot  (4,570-meter)  prevailing  wind  direction 
approximates  that  of  the  MTEJ;  wind  speed  in  the  MTEJ 
averages  10  knots,  but  occasionally  exceeds  40  knots. 

Winds  at  30,000  feet  (9  km),  as  shown  in  Figure  7-6, 
are.  consistently  easterly  from  16  to  24  knots  due  to  the 
effects  of  the  Tropical  E.asterly  Jet. 


PRFXIPITATION.  Wet  season  precipitation  is  the 
result  of  persistent  southerly  flow  south  of  the  Monsoon 
Trough.  When  the  Trough  migrates  to  its  northernmost 
|K)sition  in  August,  equatorial  moisture  (up  to  7(X)  mb) 
advances  northward.  The  MTEJ,  located  between  13° 
and  15°  N,  generates  the  mid-level  instability  neces.sary 
lor  heavy  convection;  as  a  consequence,  July  and 
August  have  the  highest  mean  precipitation  totals  of  the 
year-see  Figure  7-19.  The  rapid  southward  mignttion  of 
the  Mon.soon  Trough  in  late  September  produces  a  drop 
in  prccipiuttion  in  the  region’s  northern  half. 

Iiisutbility  along  the  MTEJ  and  go«xl  convective 
outflow  beneath  the  Tropical  Easterly  Jet  prtxiucc 
sigi  ficant  shower  and  thunderstorm  clusters  from  200  to 
3(X)  NM  south  of  die  surface  Trough.  Thunderstorms  arc 
common-sec  Figure  7-20.  Most  stations  have  a 
precipitation  maximum  in  August,  the  result  of  diurnal 
and  deep  convection. 


Orographic  uplift  of  moist  southerly  low-level  flow  in 
the  Darfur  and  Ethiopian  Highlands  produces  variable 
amounts  of  scattered  late  afternoon  and  evening 
thundershowers  that  arc  irregularly  distributed  downwind 
of  maximum  cloud  development.  In  the  Darfur 
Highlands,  Tropical  Squall  Lines  and  Easterly  Waves 
proliferate  along  the  MTEJ  from  July  to  September. 

I^le  afternoon  orographic  convection  turns  into 
Tropical  Squall  Lines  and  convective  cloud  clusters  that 
move  slowly  westward  into  east-central  Chad  by  18(X' 
LST.  As  a  result,  locations  immediately  west  of  the 
Darfur  Highlands  show  a  late  afternoon  or  early  evening 
precipitation  maximum.  Isolated  convection  dissipates 
within  a  50-NM  radius  of  its  origin,  but  Tropical  Squall 
Lines  continuing  westward  ‘010  central  and  eastern  Chad 
cause  a  nocturnal  precipitation  maximum  between  2(XX) 
and06(X)LST. 
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SOUTHERN  CHAD  AND  SUDAN 

WET  SEASON 


June-S«ptember 


Easterly  Waves  develop  over  eiJSl-ccniral  Sudan  every  rainfall  east  of  El  Fasher  and  north  of  11°  N.  Light, 
2  to  5  days  by  early  July.  Orographic  uplift  along  the  continuous  rainshowers  occur  with  Ihundcrstorm  blow- 

Ethiopian  Highlands  creates  thunderstorms  and  off.  Significant  rainfalls  (accounting  for  60  to  70%  of 

rainshowers  similar  in  distribution  to  those  developing  in  the  wet  season  total)  are  associated  witli  diumally 

the  Darfur  Highlands.  They  are  aligned  north  to  south  generated  convective  ceils  intensifying  within  Easterly 

and  move  westward  between  :i6°  E  and  30°  E.  Isolated  Waves  or  independently  organized  squall  lines, 

cumulonimbus  cells  account  for  30%  of  total  wet-sea.son 


Figure  7-19.  Mean  Wet  Season  Monthly/Maximum  24-hour  Precipitation,  Southern  Chad  and  Sudan. 

Isohycis  represent  mean  sett.sonal  rainfall  toUtls. _ _ 


Figure  7-20.  Mean  Wet-Sea.son  Thunderstorm  Days,  Southern  Chad  and  Sudan. 
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SOUTHERN  CHAD  AND  SUDAN 

WET  SEASON 


Juno-September 


TEMPERATURE.  Wet  season  mean  daily  highs  are  C),  while  July  through  September  means  are  86°  to  101° 

highest  in  early  June  before  deep  equatorial  moisture  F  (30°  to  38°  C).  Record  highs  in  early  June  include 

protiuces  persistent  mid-  and  upper-level  clouds.  Heavy  101°  F  (38°  C)  at  Juba  and  1 18°  F  (48°  C)  at  Khartoum, 

convection  and  cloud  cover  cause  July  and  August  mean  Mean  daily  lows  range  from  68°  F  (20°  C)  at  Juba  in 

daily  highs  to  be  the  lowest  of  the  year-see  Figure  7-21.  August  to  79°  F  (26°  C)  at  Khartoum  in  June.  Record 

June  temperatures  range  from  91°  to  109°  F  (33°  to43°  lows  range  from  55°  to  62°  F  (13°  tol7°C). 


Figure  7-21.  Mean  Wet-Season  Daily  Maximum/Minimum  Temperatures  (F),  Southern  Chad  and  Swidan. 
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SOUTHERN  CHAD  AND  SUDAN 

WF.T-TO-DRY  SEASON  TRANSITION 


October 


(iKNERAL  WEATHER.  The  wel-to-dry  transition  is 
very  short  due  to  the  rapid  southward  movement  of  the 
Mouswhi  Trough,  during  which  mT  air  is  replaced  with 
cT.  In  October,  the  Trough’s  mean  position  lies  across 
the  region’s  southern  tliird.  Stations  to  its  south  get 
deep,  low-lcvcl  equatorial  moisture  to  fuel  heavy 
convection  concentrated  south  of  5”  N. 

The  Subtropical  Ridge  migrates  south  to  about  15°  N 
in  October,  bringing  the  mid-  and  upper-level  westerlies 
to  the  region’s  northern  edge.  The  Mid-Tropospheric 


Easterly  Jet  (MTEJ)  and  the  Tropical  Easterly  Jet  (TEJ) 
are  weakened.  Fair  weather  is  re-establi.shed  with  little 
rainfall  and  northeasterly  surface  flow  by  mid-  to  late 
October  north  of  7°  N. 

SKY  COVER.  North  of  the  Monsoon  Trough,  the  cT 
airmass  is  dry  Saharan  air  with  little  moisture  below 
10,000  feet  (3,050  meters)  MSL.  The  drier  air  leads  to  a 
north  to  south  increase  in  mean  October  cloudiness 
percentages  (Figure  7-22). 


Figur  e  7-22  Mean  Wet-to-l>fy  Transition  CIcudiness  (Isolints)  and  Frequencies  of  Ceilings  Below  3,000  Feet 
(915  meters),  Southern  Chad  and  Sudan. 


The  cloud  types  reported  near  the  weak  TEJ  core  and 
north  of  the  Monsoon  Tmugh  in  cT  air  are  generally 
cirrus  and  alux;umulus.  Cirrus  .several  hundred  fu;i  thick 
is  common  above  20,0(X)  feet  (6  km)  MSL,  while 
allwumulus  ranges  from  1(),(XX)  to  18,0(X)  feet  (3,050  to 
5,485  meters)  MSI.  with  tops  between  12,0(X)and  20,000 
feet  (3,660  and  6I(X)  meters)  MSL. 

Many  cloud  types  may  develop  in  the  mT  air  south  of 
the  Monsoon  Trough.  Cirrus  blow-off  from 
cumulonimbus  1,(KX)  to  2,(XX)  feet  (305  to  610  meters) 
thick  with  lops  as  high  as  60,0(X)  feet  (18  km)  MSL  is 
common.  Altocumulus  forming  along  the  Iniertropical 
Discontinuity  (ITD)  in  mT  air  has  bases  between  15,(XX) 
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to  25,0(X)  feet  (4,570  to  7,620  meters)  MSL  with  tops 
ranging  17,000  to  27,000  feet  (5,180  to  8,230  meters) 
MSL.  In  early  October,  altostratus  may  occur  behind 
squall  lines  with  bases  between  8,000  and  12,000  feel 
(2,440  to  3,600  meters)  with  tops  between  15,000  and 
20,000  feet  (4,570  to  6,100  meters)  MSL.  Squall-line 
suatocumulus  is  1,000  to  2,000  feet  (305  to  610  meters) 
thick,  with  bases  at  2,000  to  6,000  feet  (610  to  1,830 
meters).  Fair-weather  cumulus  bases  are  tiom  4,000  to 
8,000  feet  (1,220  to  2,440  meters),  tops  2,(X)0  feet  (610 
meters).  Cumulonimbus  and  towering  cumulus  bases  are 
similar  to  fair-weather  cumulus,  but  tops  can  reach 
60,000  feet  (18  km). 


SOUTHERN  CHAD  AND  SUDAN 

WEr-TO-DRY  SEASON  TRANSITION 


October 


C^.'iliIl}^  lriH|uciicy  dislribulions  IxjIow  3,(KK)  loot  (‘)|.S 
iiK'lcrs)  aiv  siTiiill;  mo.sl  low-tciling  reports  arc  the  result 
()l  iliisistorius.  Skies  are  rrliseiircd  when  the  surl'acc 
pressiiro  gradients  tighten  either  north  or  south  ol  the 
Monsoon  I  rough  or  vvilli  intense  lininderslorm  otilllow 
boundaries.  Ceilings  range  Iroin  2(K)  to  l,(XK)  Icel  (bO  to 
3().S  meters).  Monsoon  Trough  moisture  causes  sligittly 
higher  low-eciling  frequencies  at  Wau,  Juba,  and 
Moundou.  Cumulus  and  cumulonimbus  ceilings  range 
from  1 ,2(K)  to  2,5(K)  feet  (365  to  760  meters). 

VISIBILITY.  Frequencies  of  visibilities  below  3  miles 
in  the  south  are  lower  than  in  the  north  because  surface 
soil  there  is  .still  moist  from  MonstHUi  Trough  rainfall. 
High  daytime  temperatures  and  decreased  rainfall  north 
of  the  Trough  result  in  drier  soil  after  early  October. 


Visibilities  below  3  miles  are  infrequent,  caused 
mainly  by  precipitation  and  fog.  I.solated  thunderstorms 
in  early  (Xtober  can  prtxluce  heavy  showers  and  reduce 
visibility  to  near  zero  for  short  peritxis.  Duststorms  are 
scarce,  but  ati  abnormally  dry  OcIoIxt  ittcreiises  the 
po.ssibility. 

North  of  the  Monsoon  Trough,  dry  Saharan  air 
dominates  and  rapidly  dries  the  surface.  Visibilities  are 
grKKi  except  with  wind  speeds  greater  than  10  knots, 
which  cause,  an  increase  in  dust  aloft  (Harmatlan  Haze). 

October’s  low- visibility  frequencies  arc  less  than  13% 
(Figure.  7-23).  Slight  incrca.ses  at  N’Djamena  and 
Khartoum  are  caused  by  more  suspended  dust,  a 
by-product  ol  the  fall  harvest. 


Figure  7-2.3.  Mean  Wet-t»-Dry  Tran.siti(in  Frequencies  rf  Visibilities  Below  3  IMile.s,  Southern  Chad  and 
Sudan. 


WINDS.  Prevailing  winds  shift  to  northerly  as  the 
Mon,sr)on  Trough  moves  southward,  but  they  vary  with 
the  Trough’s  oscillations.  Wind  directir)n  at  N’Diamena 
Is  contr-.iiled  by  a  lake-breeze  circulation  olf  l.akc  Chad. 
.Speeds  average  7  knots. 


Wiiuls  aloft  (Figures  7-5  a-c'  arc  easterly  U; 
northeasterly.  The  easterlies  indicate  the  MTEJ’s 
peisi.stcnce  through  October,  while  the  northcasterlics 
reflect  the  dry  Saharan  flow  on  the  north  side  of  the 
Mon,s(K)n  rrough 
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SOUTHERN  CHAD  AND  SUDAN 
WET-TO-DRY  SEAi>ON  TRANSITION 


October 


PRECIPITATION.  Mean  transition  rainfall  (Figure  mm)-see  Figure  7-26.  Stations  north  of  10°  N  average 

7-23)  is  a  function  of  Mon.soon  Trough  position.  By  late  less  than  2  inches  (51  mm).  Most  rain  falls  in  very  eariv 

October,  the  surface  Trough  is  near  6°  N  over  Sudan.  October  with  isolated  convection  associated  with  a 

Southern  locations  in  Chad  and  Sudan,  where  showers  weakened  MTEJ  and  the  rapidly  southward-moving 

and  thundershowers  prevail,  average  at  least  3  inches  (76  surface  Monsoon  Trough, 


Figure  7-25.  Mean  Wet-tu-Dry  Transition  Mdnthly/Maximum  24-hour  Precipitation,  Southern  Chad  and 

Sudan.  I.sohyets  represent  mean  seasonal  rainfall  totals. 
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SOUTHERN  CHAD  AND  SUDAN 

WET-TO-DRY  SEASON  TRANSITION 


October 


Figure  7-26.  Mean  Wet-to-Dry  Transition  Thunderstorm  Days,  Southern  Chad  and  Sudan. 


TF.MPERATIJRE.  Mean  daily  highs  (Figure  7-27) 
range  from  90°  to  1(X)°  F  (32°  lo  41°  C).  The  higher 
lemperaiures  in  the  north  result  from  the  quick  southward 
migration  of  the  Monsoon  Trough,  clear  skies,  and  rapid 
surface  healing.  South  of  the  Trough,  cloud  cover  keeps 


temperatures  lower.  Record  highs  include  1(K)°  F  (38° 
C)  at  Moundou  and  1 13°  F  (45°  C)  at  Khartoum.  Mean 
daily  lows  range  from  64°  to  76°  F  (18°  lo  24°  C). 
Record  lows  range  from  5 1  °  lo  62°  F  ( 1 1  °  lo  1 7°  C). 


Figure  7-27.  Mean  Wet-to-Dry  Transition  Daily  Maximum/Minimum  Temperatures  (F),  Southern  Chad  and 
Sudan. 
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